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⥴ゝ 
 
ୡ⏺ⓗ࡞㧗㱋♫఍ࢆ㏄࠼㸪せ௓ㆤࡢཎᅉ࡜ࡋ࡚ㄆ▱⑕ࡀ኱ࡁ࡞ၥ㢟࡜࡞ࡗ࡚
࠸ࡿ㸬ᵝࠎ࡞◊✲࠿ࡽㄆ▱⑕࡜ཱྀ⭍⾨⏕ࡢ㛵㐃ࡀᣦ᦬ࡉࢀ࡚࠾ࡾ㸪ㄆ▱⑕ᝈ⪅
ࡣ೺ᖖ⪅࡜ẚ㍑ࡍࡿ࡜࠺⼃㸪ṑ࿘⑓㸪႙ኻṑࡀከ࠸ࡇ࡜ 1-3)㸪⿦╔⩏ṑࡀ୙Ᏻᐃ
࡛࠶ࡾ⩏ṑ࠾ࡼࡧṧᏑṑࡢΎᤲࡀ୙Ⰻ࡛࠶ࡿࡇ࡜ 4)ࡀሗ࿌ࡉࢀ࡚࠸ࡿࡇ࡜࠿ࡽ㸪
ㄆ▱⑕ࡣཱྀ⭍ෆ⎔ቃࢆᝏ໬ࡉࡏࡿ࡜⪃࠼ࡽࢀ࡚࠸ࡿ㸬୍᪉࡛㸪㏆ᖺ㸪ཱྀ⭍⾨⏕
࠾ࡼࡧ࿪ᄮᶵ⬟ࡢಖᣢࡣཱྀ⭍ᶵ⬟ࡔࡅ࡛࡞ࡃ㸪඲㌟⑌ᝈࡸ⬻ᶵ⬟࡟ࡶᙳ㡪ࢆ୚
࠼ࡿ࡜⪃࠼ࡽࢀጞࡵ࡚࠾ࡾ 5-7)㸪ཱྀ⭍⾨⏕࡜ㄆ▱ᶵ⬟㞀ᐖ࡜ࡢ㛵㐃ࡀὀ┠ࡉࢀ࡚
࠸ࡿ㸬 
ࡇࢀࡲ࡛ࡢ◊✲࠿ࡽṑࡢ႙ኻࡣ࢔ࣝࢶࣁ࢖࣐࣮⑓ࡢ༴㝤ᅉᏊ࡜ࡋ࡚ᣲࡆࡽࢀ
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࡚࠾ࡾ 8)㸪᪋タ࡟ධᡤࡍࡿ㧗㱋⪅ࡣ㸪ṧᏑṑᩘࡀᑡ࡞࠸࡯࡝ㄆ▱ᶵ⬟᳨ᰝࡢⅬᩘ
ࡀపୗࡋࡓࡇ࡜ 9)㸬ࡲࡓ㸪ᑡᩘࡢṧᏑṑࡶࡋࡃࡣ⩏ṑࡢ୙౑⏝⪅ࡣ㸪ṧᏑṑࡀ
20ṑ௨ୖ࠶ࡿே࡜ẚ㍑ࡋ㸪ㄆ▱⑕ࡢࣜࢫࢡࡀ 1.85ಸ࡟ୖ᪼ࡍࡿࡇ࡜ࡀሗ࿌ࡉࢀ
࡚࠸ࡿ 10)㸬ࡲࡓ㸪ື≀◊✲࡛ࡣ㸪ṑࡢ႙ኻࢆྵࡵࡓཱྀ⭍ᶵ⬟㞀ᐖࡀグ᠈㞀ᐖࢆ
ᘬࡁ㉳ࡇࡍࡇ࡜ࡀ♧၀ࡉࢀ࡚࠾ࡾ㸪ညྜᨭᣢࡢ႙ኻࡣᾏ㤿࢔ࢭࢳࣝࢥࣜࣥ⃰ᗘ
ࡢపୗ࠿ࡽグ᠈ಖᣢ⬟ຊࢆపୗࡉࡏࡿࡇ࡜ 11)㸪ࡉࡽ࡟㸪ṑࡢ႙ኻࡀᾏ㤿㗹య⣽
⬊ࡢ⬺ⴠࡢច㉳࡟ࡼࡾ࢔ࣝࢶࣁ࢖࣐࣮⑓ࡢⓎ⑕࡟ᙳ㡪ࢆཬࡰࡍࡇ࡜ 12)ࡀሗ࿌ࡉ
ࢀ࡚࠸ࡿ㸬ࡲࡓ㸪่ ⃭ࡢஈࡋ࠸⎔ቃୗ࡛㛗ᮇ㛫㣫⫱ࡋࡓ࣐࢘ࢫࡣᏛ⩦⬟⋡ࡀపୗ
ࡍࡿࡇ࡜ 13)ࡸ㸪ࢫࢺࣞࢫ࡬ࡢ㛗ᮇⓗᭀ㟢ࡣ⚄⤒⣽⬊ࡢ᪂⏕ࢆᢚไࡋ㸪Ꮫ⩦࣭グ
᠈⬟ࢆపୗࡉࡏࡿ 14)࡞࡝㛗ᮇⓗ࡞่⃭ࡀ⬻࡟ཬࡰࡍᙳ㡪ࡶሗ࿌ࡉࢀ࡚࠸ࡿ㸬ࡋ
࠿ࡋ࡞ࡀࡽ㸪ཱྀ⭍࡜⬻ࡢ㛵ಀ࡟ࡘ࠸࡚ࡣ㸪▷ᮇⓗ࡞ᙳ㡪ࡢሗ࿌ࡀከࡃ㸪㛗ᮇⓗ
ほᐹࢆ⾜ࡗࡓື≀◊✲ࡣ࡯࡜ࢇ࡝ぢᙜࡓࡽ࡞࠸㸬 
⬻⏤᮶⚄⤒ᰤ㣴ᅉᏊ㸦Brain-derived neurotrophic factor : BDNF㸧ࡣ㸪⚄⤒
ᡂ㛗ᅉᏊࡢ୍✀࡛࠶ࡾ㸪୰ᯡ⚄⤒⣔࡟ᗈࡃศᕸࡋ㸪ᾏ㤿ࡢᏛ⩦࣭グ᠈㐣⛬ࡢไ
ᚚ࡟㔜せ࡞ᙺ๭ࢆ᭷ࡍࡿ 15)࡜ࡋ࡚㏆ᖺ㸪ὀ┠ࢆ㞟ࡵ࡚࠸ࡿ㸬BDNFࡣᾏ㤿ࢩࢼ
ࣉࢫࡢᵓ㐀࠾ࡼࡧᶵ⬟ⓗྍረᛶ࡟㛵୚ࡍࡿ㔜せ࡞≀㉁࡛࠶ࡿ 15)㸬ຍ࠼࡚㸪BDNF
ࡢ⢭⚄⚄⤒⑌ᝈ࡬ࡢ㛵୚࡟ࡘ࠸࡚ࡶ㸪࢔ࣝࢶࣁ࢖࣐࣮⑓ࡸࣃ࣮࢟ࣥࢯࣥ⑓ᝈ⪅
ࡢ BDNFࡣ೺ᖖ⪅࡜ẚ㍑ࡍࡿ࡜᭷ព࡟ᑡ࡞࠸ࡇ࡜ 16, 17)㸪࢔ࣝࢶࣁ࢖࣐࣮⑓ᝈ⪅
࡟ㄆࡵࡽࢀࡿ BDNF ࡢῶᑡࡣㄆ▱⑕ࡢ㔜⑕ᗘ࡜┦㛵ࡍࡿࡇ࡜ 18)ࡀሗ࿌ࡉࢀ㸪
BDNFࡣ⬻ࡢᶵ⬟ⓗࣂ࢖࣐࣮࣮࡛࢜࢝࠶ࡿ࡜⪃࠼ࡽࢀ࡚࠸ࡿ㸬 
BDNF ࡣ㸪どᗋୗ㒊ᐊഐ᰾࡬ࡢⓎ⌧࡟ࡼࡗ࡚㸪ᦤ㣗࡜࢚ࢿࣝࢠ࣮௦ㅰ࡟㛵୚
ࡍࡿ࡜⪃࠼ࡽࢀ࡚࠸ࡿ 19)㸬ࡲࡓ㸪BDNFࡢάᛶࡣ insulin receptor substrate-1 
㸦IRS-1㸧㸪phospholipase C γ㸦PLCγ㸧㸪 protein kinase B㸦PKB㸪Akt㸧ࡢά
ᛶ໬࡟㛵୚ࡍࡿ࡜ࡉࢀ࡚࠾ࡾ㸪BDNF ࡢ㧗ぶ࿴ᛶཷᐜయ࡛࠶ࡿ  tyrosine 
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receptor kinase B㸦TrkB㸧࡜⤖ྜࡍࡿࡇ࡜࡛㸪⚄⤒ఏ㐩⤒㊰ࢆάᛶ໬ࡋ㸪⚄⤒
ᅇ㊰⥙ࡢᙧᡂࡸⓎ㐩㸪Ᏻᐃ࡟㔜せ࡞ᙺ๭ࢆᢸࡗ࡚࠸ࡿ 20)㸬࠸ࡃࡘ࠿ࡢ࣐࢘ࢫࡸ
ࣛࢵࢺࢆ⏝࠸ࡓື≀ᐇ㦂࡟ࡼࡿ᳨ウ࡛ࡣ㸪TrkBࡣṑࡢ႙ኻ࡟ࡼࡗ࡚ῶᑡࡍࡿࡇ
࡜ 21)㸪ᾮయ㣫ᩱ࡟ࡼࡗ࡚࿪ᄮ㐠ືࡀῶᑡࡋ㸪Ꮫ⩦࣭グ᠈⬟ࡢపୗ࠾ࡼࡧ BDNF
㛵㐃ࢱࣥࣃࢡࡢኚືࢆ⏕ࡌࡿࡇ࡜ 22)ࡀሗ࿌ࡉࢀ࡚࠾ࡾ㸪ṑࡢ႙ኻ࠾ࡼࡧ㌾ᛶ㣫
ᩱࡢᦤྲྀࡀ BDNFࡢⓎ⌧࡟ᙳ㡪ࢆཬࡰࡍࡇ࡜ࡀ♧၀ࡉࢀ࡚࠸ࡿ㸬 
୍᪉㸪ჶࡵ࡞࠸࡜ᐇឤࡋ࡚࠸ࡿேࡣ㸪ṧᏑṑᩘࡀᑡ࡞ࡃ㌾ᛶ㣗ရࢆከࡃᦤྲྀ
ࡍࡿഴྥ࡟࠶ࡿࡇ࡜ 23)ࡸ㸪ᬑ㏻㣗ࢆ㣗࡭࡚࠸ࡿ᪋タ㧗㱋⪅ࡢ๭ྜࡣ㸪ṧᏑṑࡀ
20ṑ௨ୖࡢே࡛ 84.8㸣࡛࠶ࡿࡢ࡟ᑐࡋ㸪0ṑࡢேࡣ 54.5㸣࡛࠶ࡗࡓࡇ࡜ 24)࠿ࡽ㸪
ṑࡢ႙ኻࡸ࿪ᄮᶵ⬟ࡢపୗ࡟ࡼࡾ㸪㣗ᙧែࢆኚ᭦ࡋ࡚࠸ࡿ஦౛ࡀከࡃࡳࡽࢀࡿ㸬
ࡋ࠿ࡋ࡞ࡀࡽ㸪ṑࡢ႙ኻ࠾ࡼࡧ㣗ᙧែࡢ୧᪉ࢆᐇ㦂᮲௳࡜ࡋ࡚ኚ໬ࡉࡏ࡚ㄆ▱
ᶵ⬟࡟ཬࡰࡍᙳ㡪ࢆ᳨ウࡋࡓ◊✲ࡣぢᙜࡓࡽ࡞࠸㸬 
ᮏ◊✲࡛ࡣ࿪ᄮᶵ⬟࡜ㄆ▱ᶵ⬟࡜ࡢ㛵㐃ࢆࡼࡾヲ⣽࡟᫂ࡽ࠿࡟ࡍࡿࡓࡵ㸪
BDNF ࡜ࡑࡢ㧗ぶ࿴ᛶཷᐜయ࡛࠶ࡿ TrkB ࡟╔┠ࡋ㸪࿪ᄮᶵ⬟࡟῝ࡃ㛵ࢃࡿṑ
ࡢ႙ኻ࡜㣗ᙧែࡢኚ໬ࡀ࣐࢘ࢫࡢᏛ⩦࣭グ᠈⬟࡟ཬࡰࡍᙳ㡪ࢆ᫂ࡽ࠿࡟ࡍࡿࡇ
࡜ࢆ┠ⓗ࡜ࡋࡓ㸬 
 
ᮏ◊✲ࡣ㸪ᗈᓥ኱Ꮫື≀ᐇ㦂つ๎࡟ᚑࡗ࡚ィ⏬ࡋ㸪ྠ኱Ꮫື≀ᐇ㦂ጤဨ఍ࡢ
ᢎㄆࡢୖ࡛㐙⾜ࡋࡓ㸬㸦ᢎㄆ␒ྕ : A13-81㸧 
 
ᮦᩱ࠾ࡼࡧ᪉ἲ 
 
◊✲ 1 ṑࡢ႙ኻ࠾ࡼࡧ㣗ᙧែࡢ㐪࠸ࡀᏛ⩦࣭グ᠈⬟࡟▷ᮇⓗ࡟ཬࡰࡍᙳ㡪ࡢ 
᳨ウ 
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ᐇ㦂ື≀ࡢㄪ〇 
ᐇ㦂ື≀࡟ࡣ 28㐌㱋ࡢ㞝ᛶ C57 BL/6J࣐࢘ࢫ 60༉ࢆ౑⏝ࡋࡓ㸬㣫⫱ᐊࡢᐊ
 ࡣ 24 ± 2Υ࡜ࡋ㸪12᫬㛫ࡢ᫂ᬯࢧ࢖ࢡࣝ࡜ࡋࡓ㸬㣫⫱ࡣタᐃ㣫ᩱ࡜Ỉ㐨Ỉᦤ
ྲྀ࡟ࡼࡾ⾜ࡗࡓ㸬⏕ᚋ 28㐌㱋ࡢ᫬Ⅼ࡛࣌ࣥࢺࣂࣝࣅࢱ࣮ࣝ 35 mg/kg 㸦ࢿࣥࣈ
ࢱ࣮ࣝ㸪ඹ❧〇⸆㸧ࡢ⭡⭍ෆᢞ୚ࢆ⾜࠸㸪඲㌟㯞㓉ࡢࡳࡢ⥔ᣢ⩌࡜㸪඲㌟㯞㓉
ୗ࡛㸪⪥ᑠ㦵㖀Ꮚࢆ⏝࠸࡚ୖ㢡୧ഃ⮻ṑ㒊ࢆᢤṑࡋࡓ႙ኻ⩌ࢆタᐃࡋࡓ㸬ࡉࡽ
࡟㸪࣌ࣞࢵࢺ≧ࡢᅛᙧ㣫ᩱࢆ୚࠼ࡓᅛᙧ⩌࡜㸪ᅛᙧ㣫ᩱ࡜ྠᵝࡢᰤ㣴ࢆྵࡴ⢊
ᮎ㣫ᩱࢆ୚࠼ࡓ⢊ᮎ⩌ࢆタᐃࡋࡓ㸬ࡍ࡞ࢃࡕ㸪࣐࢘ࢫࡣ⥔ᣢ/ᅛᙧ⩌㸦n = 15㸧㸪
⥔ᣢ/⢊ᮎ⩌㸦n = 15㸧㸪႙ኻ/ᅛᙧ⩌㸦n = 15㸧㸪႙ኻ/⢊ᮎ⩌㸦n = 15㸧ࡢ 4⩌࡜
ࡋ࡚ㄪ〇ࡋࡓ㸬 
ᐇ㦂ࢫࢣࢪ࣮ࣗࣝ㸦ᅗ 1㸧 
ᐇ㦂ᮇ㛫ࡣ 28㐌㱋࠿ࡽ 32㐌㱋ࡲ࡛ࡢ 4㐌㛫࡜ࡋࡓ㸬ྛ࣐࢘ࢫࡣṑࡢ႙ኻ࠾
ࡼࡧ㣗ᙧែࡢኚ᭦࡟ࡼࡿ඲㌟≧ែ࡬ࡢᙳ㡪ࢆホ౯ࡍࡿࡓࡵ㸪ᐇ㦂ᮇ㛫୰ 1㐌㛫
㝸࡛య㔜㸪㣫ᩱᦤྲྀ㔞ࢆ ᐃࡋࡓ㸬32㐌㱋ࡢ᫬Ⅼ࡛㸪Ꮫ⩦࣭グ᠈⬟ࡢ ᐃࢆ⾜
࠸㸪ࡑࡢᚋ࡟㸪ᐇ㦂ື≀ࢆᒕẅࡋ㸪⤌⧊ษ∦ࡢస〇࠶ࡿ࠸ࡣ Real-time PCRศ
ᯒࢆ⾜ࡗࡓ㸬 
 
Ꮫ⩦࣭グ᠈⬟ࡢホ౯ 
Ꮫ⩦࣭グ᠈⬟ࢆホ౯ࡍࡿ⾜ືᐇ㦂ࡣ 32㐌㱋ࡢ᫬Ⅼ࡛⾜ࡗࡓ㸬ࡇࡢ⾜ືᐇ㦂࡟
ࡣ㸪࣐࢘ࢫࡀ⛣ື࡛ࡁࡿࡼ࠺᫂ᐊ࡜ᬯᐊࡀࢠࣟࢳࣥࢻ࢔࡛㐃⤖ࡉࢀ࡚࠸ࡿࢫࢸ
ࢵࣉࢫ࣮ࣝᆺཷືⓗᅇ㑊ヨ㦂⿦⨨㸦MANUAL STEP-THROUGH TEST 
SYSTEM FOR MOUSE MODEL MST-01SM㸪ᐊ⏫ᶵᲔ㸧ࢆ⏝࠸ࡓ㸦ᅗ 2㸧㸬
ࡲࡎ㸪࣐࢘ࢫࢆࡇࡢ⿦⨨ࡢ᫂ᐊ࡟ᢞධࡋ㸪ᬯᐊ࡟⛣ືࡋ⤊ࢃࡗࡓ᫬㛫ࢆィ ࡋ
࡚㸪ࡇࢀࢆ཯ᛂ₯᫬᫬㛫࡜ࡋࡓ㸬ḟ࠸࡛㸪ᬯᐊ࡟⛣ືࡋࡓ࡜ࡇࢁ࡛㟁Ẽࢩࣙࢵ
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ࢡ㸦3 mA㸪3 s㸧ࢆ୚࠼㸪࣐࢘ࢫ࡟ࡣᬯᐊ࡟ධᐊࡋࡓࡽ᎘ᝏ่⃭ࢆཷࡅࡿ࡜ࡢグ
᠈ࢆ⋓ᚓࡉࡏࡓ㸦⋓ᚓヨ⾜㸧㸬⋓ᚓヨ⾜ࡢ 24 ᫬㛫ᚋ㸪෌ᗘ࣐࢘ࢫࢆ᫂ᐊ࡟ᢞධ
ࡋ㸪ᬯᐊ࡟⛣ືࡍࡿ཯ᛂ₯᫬᫬㛫ࢆィ ࡋࡓ㸦ಖᣢヨ⾜㸧㸬࡞࠾㸪ᬯᐊ࡟ධᐊࡋ
࡞࠸࡜ุ᩿ࡋࡓ᭱኱ほᐹ᫬㛫࡜ࡋ࡚ࡢ࢝ࢵࢺ࢜ࣇ್ࢆ 300 s࡟タᐃࡋࡓ 12)㸬 
 
㗹య⣽⬊ᩘࡢィ  
ᒕẅᚋ㸪᥇ྲྀࡋࡓ⬻ࢆࣃ࣒ࣛ࣍ࣝ࢔ࣝࢹࣄࢻ࡛ᅛᐃᚋ㸪⬺Ỉࢆ⤒࡚ࣃࣛࣇ࢕
ࣥໟᇙࡋ㸪⣙ 10 ȣm ཌࡢษ∦ࢆస〇ࡋࡓ㸬ࡇࡢษ∦ࢆ㏻ἲ࡟ࡼࡾ⬺ࣃࣛࣇ࢕
ࣥฎ⌮ࡋ㸪Nissle ᰁⰍࢆ᪋ࡋࡓᚋ㸪ᾏ㤿 CA1 ࠾ࡼࡧ CA3 㡿ᇦࡢ㗹య⣽⬊ᩘࢆ
⟬ฟࡋࡓ㸬ࡍ࡞ࢃࡕ㸪cresyl violetỈ⁐ᾮ࡟ᾐₕ㸪⬺Ỉᑒධࢆ⾜ࡗࡓᶆᮏࢆ⺯ග
㢧ᚤ㙾㸦HS࣮࢜ࣝ࢖ࣥ࣡ࣥ㢧ᚤ㙾㸪BZ-9000㸪࣮࢚࢟ࣥࢫ㸧࡟࡚᫂ど㔝࡛⏬ീ
ࢆࢥࣥࣆ࣮ࣗࢱ࣮㸦Hewlett-Packard Company㸧࡟ྲྀࡾ㎸ࢇࡔᚋ㸪ᾏ㤿 CA1㡿ᇦ
࡛ࡣ 100 ȣm300 ȣm㸪CA3 㡿ᇦ࡛ࡣ 200 ȣm200 ȣm ࡢほᐹ㡿ᇦࢆタ
ᐃࡋ࡚㸦ᅗ 3㸧㸪ྛ㡿ᇦෆࡢ㗹య⣽⬊ᩘࢆィ ࡋࡓ 12, 25)㸬 
 
BDNF㸪TrkBᰁⰍീࡢほᐹ 
NissleᰁⰍ࡜ྠᵝ࡟ษ∦ࢆ⬺ࣃࣛࣇ࢕ࣥฎ⌮ࡋ㸪ᢠ BDNFᢠయ㸪ᢠ TrkBᢠ
యࢆ⏝࠸ࡓච␿⤌⧊ᰁⰍࢆ᪋ࡋ࡚ග㢧ⓗ࡟ほᐹࡋࡓ㸬ච␿⤌⧊໬ᏛᰁⰍࡣࢫ࢟
࣒࣑ࣝࢡ࡛ࣈࣟࢵ࢟ࣥࢢฎ⌮ࢆ⾜࠸㸪1 ḟᢠయ࡜ࡋ࡚ᢠ BDNF ᢠయ㸦Rabbit 
polyclonal to BDNF㸪ab101752, abcam㸧㸪ᢠ TrkBᢠయ㸦Rabbit polyclonal to 
TrkB㸪ab33655, abcam㸧ࢆ⏝࠸㸪ࣅ࢜ࢳࣥᶆ㆑ 2ḟᢠయࢆ཯ᛂࡉࡏࡓ㸬ḟ࠸࡛
࢔ࣅࢪࣥ-ࣅ࢜ࢳࣥᶆ㆑㓝⣲」ྜయࢆ཯ᛂࡉࡏࡓᚋ㸪㓝⣲ᇶ㉁⁐ᾮ㸦Impact DAB㸪
VectorLaboratories㸧ࢆ⏝࠸࡚㸪཯ᛂࡉࡏࡓ㸬ᚓࡽࢀࡓᶆᮏࢆ⺯ග㢧ᚤ㙾࡟࡚᫂
ど㔝࡛ࢥࣥࣆ࣮ࣗࢱ࣮࡟ྲྀࡾ㎸ࢇࡔᚋ㸪ᾏ㤿 CA1 ࠾ࡼࡧ CA3 㡿ᇦࢆග㢧ⓗ࡟
6 
 
ほᐹࡋࡓ㸬 
 
Real-time PCR࡟ࡼࡿศᯒ 
࣐࢘ࢫࡢ⬻ࢆྲྀࡾฟࡋ㸪ᾏ㤿㸪どᗋୗ㒊ࡢ 2ࡘࡢ㒊఩࡟ษ㞳ࡋ㸪-80Υࡢᾮయ
❅⣲ෆ࡛ᛴ㏿෭෾ࡋࡓ㸬ྛ ⤌⧊ࡼࡾ total RNAࡣ RNeasy mini kit㸦QIAGEN㸧
ࢆ⏝࠸࡚ᢳฟࡋࡓ㸬ᢳฟࡋࡓ total RNA ࡣ SuperScript III㸦Invitrogen㸧㸪 
oligo㸦dT㸧20ࣉࣛ࢖࣐࣮ࢆ⏝࠸࡚㏫㌿෗཯ᛂ࡟ࡼࡾ cDNAࢆྜᡂࡋࡓ㸬BDNF
㸦F 5’-CGACGACATCACTGGCTGACA-3‘㸪R 5’-CCAAAGGCACTTGACTGC 
GAG-3‘㸧㸪TrkB㸦F 5’-CAAGAACGAGTATGGGAAGGATGAG- 3‘㸪R 5’ -TTGG 
CGTGGTCCAGTCTTCATA-3‘㸧㸪࠾ࡼࡧෆ㒊ᶆ‽㑇ఏᏊ࡜ࡋ࡚⏝࠸ࡓࢢࣜࢭࣝ
࢔ࣝࢹࣄࢻ 3ࣜࣥ㓟໬⬺Ỉ⣲㓝⣲㸦Glyceraldehyde 3-phosphatedehydrogenase㸪
GAPDH㸪F 5’-GTAGACAAAATGGTGAAGGTCGGT-3‘, R 5’-ACAATCTCCAC 
TTTGCCACTGC-3‘㸧ࡢࣉࣛ࢖࣐࣮ࢆ㗪ᆺ࡜ࡋ㸪cDNA ࡟ᑐࡋ Stratagene 
Mx3000P QPCR system㸦Agilent Technologies㸧ࢆ⏝࠸࡚㸪DNAࡢኚᛶࢆ 95Υ㸪
15 s㸪࢔ࢽ࣮ࣜࣥࢢࢆ 60Υ㸪1ศ㛫ࡢ᮲௳ୗ࡛ 40ࢧ࢖ࢡࣝ⾜ࡗࡓ㸬㑇ఏᏊࡢቑ
ᖜ཯ᛂࡢ᳨ฟ࡟ࡣ THUNDERBIRD® SYBR qPCR Mix 㸦TOYOBO㸧ࢆ⏝࠸ࡓ㸬
PCR ⤊஢ᚋ㸪㑇ఏᏊቑᖜࡢࣔࢽࢱࣜࣥࢢ⤖ᯝ࠿ࡽ Ct ್ࢆᚓࡓ㸬ྛ㑇ఏᏊⓎ⌧
㔞ࡣ 2-ΔΔCtἲ࡟ࡼࡾ⟬ฟࡋࡓ㸬 
 
⤫ィᏛⓗศᯒ 
Ꮫ⩦࣭グ᠈⬟ࡢኚ໬ࡣMann-Whitney U ᳨ᐃ㸪⩌㛫ẚ㍑ࡣ஧ඖ㓄⨨ศᩓศᯒ
࠾ࡼࡧ Tukey᳨ᐃࢆ⏝࠸࡚⤫ィᏛⓗ࡟ศᯒࡋࡓ㸬᭷ពỈ‽ࡣ࠸ࡎࢀࡶ༴㝤⋡ 5%
࡜ࡋࡓ㸬 
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◊✲ 2 ṑࡢ႙ኻ࠾ࡼࡧ㣗ᙧែࡢ㐪࠸ࡀᏛ⩦࣭グ᠈⬟࡟㛗ᮇⓗ࡟ཬࡰࡍᙳ㡪ࢆ 
᳨ウ 
 
ᐇ㦂ື≀ࡢㄪ〇 
ᐇ㦂ື≀࡟ࡣ 28㐌㱋ࡢ㞝ᛶ C57 BL/6J࣐࢘ࢫ 64༉ࢆ౑⏝ࡋࡓ㸬㣫⫱ᐊࡢᐊ
 ࡣ 24 ± 2Υ࡜ࡋ㸪12᫬㛫ࡢ᫂ᬯࢧ࢖ࢡࣝ࡜ࡋࡓ㸬㣫⫱ࡣタᐃ㣫ᩱ࡜Ỉ㐨Ỉᦤ
ྲྀ࡟ࡼࡾ⾜ࡗࡓ㸬ᐇ㦂 1࡜ྠᵝ࡟㸪⏕ᚋ 28㐌㱋ࡢ᫬Ⅼ࡛ࡍ࡭࡚ࡢ࣐࢘ࢫࡣ⥔ᣢ
/ᅛᙧ⩌㸦n = 16㸧㸪⥔ᣢ/⢊ᮎ⩌㸦n = 16㸧㸪႙ኻ/ᅛᙧ⩌㸦n = 16㸧㸪႙ኻ/⢊ᮎ⩌
㸦n = 16㸧ࡢ 4⩌࡜ࡋ࡚ㄪ〇ࡋࡓ㸬  
ᐇ㦂ࢫࢣࢪ࣮ࣗࣝ㸦ᅗ 4㸧 
ᐇ㦂ᮇ㛫ࡣ 28㐌㱋࠿ࡽ 44㐌㱋ࡲ࡛ࡢ 16㐌㛫࡜ࡋࡓ㸬ྛ ࣐࢘ࢫࡣṑࡢ႙ኻ࠾
ࡼࡧ㣗ᙧែࡢኚ᭦࡟ࡼࡿ඲㌟≧ែ࡬ࡢᙳ㡪ࢆホ౯ࡍࡿࡓࡵ㸪ᐇ㦂ᮇ㛫୰ 1㐌㛫
㝸࡛య㔜㸪㣫ᩱᦤྲྀ㔞ࡢ ᐃࢆ⾜ࡗࡓ㸬44㐌㱋ࡢ᫬Ⅼ࡛㸪Ꮫ⩦࣭グ᠈⬟ࡢ ᐃ
ࢆ⾜࠸㸪ࡑࡢᚋ࡟㸪ᐇ㦂ື≀ࢆᒕẅࡋ㸪⤌⧊ษ∦ࡢస〇࠶ࡿ࠸ࡣ Real-time PCR
ศᯒࢆ⾜ࡗࡓ㸬 
 
Ꮫ⩦࣭グ᠈⬟ࡢホ౯࠾ࡼࡧ⤌⧊Ꮫⓗホ౯ 
ホ౯㡯┠ࡣᐇ㦂 1 ࡜ྠᵝ࡟య㔜࠾ࡼࡧ㣫ᩱᦤྲྀ㔞㸪Ꮫ⩦࣭グ᠈⬟㸪㗹య⣽⬊
ᩘ㸪BDNF㸪TrkBᰁⰍീࡢほᐹ㸪BDNF㸪TrkBࡢmRNAⓎ⌧㔞ࢆホ౯ࡋࡓ㸬 
 
⤫ィᏛⓗศᯒ 
Ꮫ⩦࣭グ᠈⬟ࡢኚ໬ࡣMann-Whitney U ᳨ᐃ㸪⩌㛫ẚ㍑ࡣ஧ඖ㓄⨨ศᩓศᯒ
࠾ࡼࡧ Tukey᳨ᐃࢆ⏝࠸࡚⤫ィᏛⓗ࡟ศᯒࡋࡓ㸬᭷ពỈ‽ࡣ࠸ࡎࢀࡶ༴㝤⋡ 5%
࡜ࡋࡓ㸬 
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⤖ᯝ 
 
◊✲ 1 ṑࡢ႙ኻ࠾ࡼࡧ㣗ᙧែࡢ㐪࠸ࡀᏛ⩦࣭グ᠈⬟࡟▷ᮇⓗ࡟ཬࡰࡍᙳ㡪ࡢ 
᳨ウ 
 
య㔜࠾ࡼࡧ㣫ᩱᦤྲྀ㔞 
య㔜࠾ࡼࡧ㣫ᩱᦤྲྀ㔞ࡣ࡯ࡰ୍ᐃ࡟᥎⛣ࡋ㸪ࡍ࡭࡚ࡢ⩌㛫࡟᭷ព࡞ᕪࢆㄆࡵ
࡞࠿ࡗࡓ㸦ᅗ 5㸧㸬 
 
ࢫࢸࢵࣉࢫ࣮ࣝᆺཷືⓗᅇ㑊ヨ㦂 
ࡍ࡭࡚ࡢ⩌࡛⋓ᚓヨ⾜࡜ẚ㍑ࡋ࡚㸪ಖᣢヨ⾜࡛ࡢ཯ᛂ₯᫬᫬㛫ࡀᘏ㛗ࡋ࡚࠾
ࡾ᭷ពᕪࢆㄆࡵࡓ㸬ࡍ࡞ࢃࡕ㸪ࡍ࡭࡚ࡢ⩌࡟Ꮫ⩦࣭グ᠈⬟ࡢపୗࡣㄆࡵ࡞࠿ࡗ
ࡓ㸦ᅗ 6㸧㸬 
ຍ࠼࡚㸪ྛ⩌ࡢ⋓ᚓヨ⾜᫬ࡢ཯ᛂ₯᫬᫬㛫ࢆẚ㍑ࡍࡿ࡜㸪ྛ⩌࡟᭷ពᕪࡣㄆ
ࡵ࡞࠿ࡗࡓ㸬ࡲࡓ㸪ྛ⩌ࡢಖᣢヨ⾜᫬ࡢ཯ᛂ₯᫬᫬㛫ࢆẚ㍑ࡍࡿ࡜㸪ྠ㣫ᩱ⩌
࡛ࡣ⥔ᣢ⩌ࡼࡾࡶ㸪႙ኻ⩌࡛᭷ព࡞పୗࢆㄆࡵࡓ㸦ᅗ 7㸧㸬 
஧ඖ㓄⨨ศᩓศᯒ࡛ಖᣢヨ⾜᫬ࡢྛ⩌ࢆẚ㍑ࡋࡓ⤖ᯝ㸪ṑࡢ႙ኻ࡟ࡼࡿᙳ
㡪㸸F (1, 44) = 9.79㸪P < 0.05㸪㣗ᙧែࡢኚ᭦࡟ࡼࡿᙳ㡪㸸F (1, 44) = 0.81㸪P = 
0.37㸪ṑࡢ႙ኻ × 㣗ᙧែࡢኚ᭦࡟ࡼࡿᙳ㡪㸸F (1, 44) = 0.00㸪P = 0.96࡜࡞ࡾ㸪
཯ᛂ₯᫬᫬㛫ࡢపୗࡣ㸪ṑࡢ႙ኻ࡟ࡼࡿ᭷ព࡞ᙳ㡪ࢆㄆࡵࡓ㸬 
 
㗹య⣽⬊ᩘ 
ᾏ㤿 CA1㡿ᇦ࡛ࡣ㸪ᅛᙧ㣫ᩱ⩌࡛ṑࡢ႙ኻࡢᙳ㡪࡟ࡼࡗ࡚㗹య⣽⬊ᩘࡣ᭷ព
࡞ῶᑡࢆㄆࡵࡓ㸦ᅗ 8㸧㸬 
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ᾏ㤿 CA3㡿ᇦ࡛ࡣ㸪႙ኻ⩌࡛㗹య⣽⬊ᩘࡀῶᑡࡋ㸪ྠ㣫ᩱ⩌࡛ṑࡢ႙ኻ࡟ࡼ
ࡿᙳ㡪ࢆㄆࡵࡓ㸦ᅗ 9㸧㸬 
஧ඖ㓄⨨ศᩓศᯒ࡛ྛ⩌ࢆẚ㍑ࡋࡓ⤖ᯝ㸪ᾏ㤿 CA1㡿ᇦ࡛ࡣ㸪ṑࡢ႙ኻ࡟ࡼ
ࡿᙳ㡪㸸F (1, 20) = 12.52㸪P < 0.01㸪㣗ᙧែࡢኚ᭦࡟ࡼࡿᙳ㡪㸸F (1, 20) = 1.36㸪
P = 0.26㸪ṑࡢ႙ኻ × 㣗ᙧែࡢኚ᭦࡟ࡼࡿᙳ㡪㸸F (1, 20) = 0.91㸪P = 0.35࡜
࡞ࡾ㸪ṑࡢ႙ኻ࡟ࡼࡿ᭷ព࡞ᙳ㡪ࢆㄆࡵࡓ㸬ᾏ㤿 CA3㡿ᇦ࡛ࡣ㸪ṑࡢ႙ኻ࡟ࡼ
ࡿᙳ㡪㸸F (1, 20) = 15.79㸪P < 0.01㸪㣗ᙧែࡢኚ᭦࡟ࡼࡿᙳ㡪㸸F (1, 20) = 2.57㸪
P = 0.12㸪ṑࡢ႙ኻ × 㣗ᙧែࡢኚ᭦࡟ࡼࡿᙳ㡪㸸F (1, 20) = 0.01㸪P = 0.94࡜
࡞ࡾ㸪ṑࡢ႙ኻ࡟ࡼࡿ᭷ព࡞ᙳ㡪ࢆㄆࡵࡓ㸬 
 
BDNF㸪TrkBᰁⰍീࡢほᐹ 
BDNFᰁⰍീ㸦ᅗ 10㸪11㸧 
ᾏ㤿 CA1㡿ᇦ࡛ࡣ㸪ࡍ࡭࡚ࡢ⩌ࡣྠ⛬ᗘࡢᰁⰍീࢆ♧ࡋࡓ㸬 
ᾏ㤿 CA3 㡿ᇦ࡛ࡣ㸪⥔ᣢ⩌࡜ẚ㍑ࡋ࡚႙ኻ⩌࡛ BDNF Ⓨ⌧ࡢῶᑡࡀほᐹࡉ
ࢀࡓ㸬 
TrkBᰁⰍീ㸦ᅗ 12㸪13㸧 
ᾏ㤿 CA1㡿ᇦࡢほᐹ࠿ࡽ㸪ࡍ࡭࡚ࡢ⩌࡛ྠ⛬ᗘࡢᰁⰍീࢆ♧ࡋࡓ㸬 
ᾏ㤿 CA3㡿ᇦࡢほᐹ࠿ࡽ㸪႙ኻ⩌࡛ TrkBⓎ⌧ࡢῶᑡഴྥࢆㄆࡵ㸪≉࡟⥔ᣢ/
⢊ᮎ⩌࡜ẚ㍑ࡍࡿ࡜႙ኻ/⢊ᮎ⩌࡛ࡣ㸪TrkBⓎ⌧ࡢῶᑡࡀほᐹࡉࢀࡓ㸬 
 
㑇ఏᏊⓎ⌧㔞 
どᗋୗ㒊㸦ᅗ 14㸧 
BDNF㸪TrkB㑇ఏᏊⓎ⌧㔞ࡣ㸪ྛ⩌࡟᭷ពᕪࡣㄆࡵ࡞࠿ࡗࡓ㸬 
஧ඖ㓄⨨ศᩓศᯒ࡛ྛ⩌ࢆẚ㍑ࡋࡓ⤖ᯝ㸪BDNF 㑇ఏᏊⓎ⌧㔞࡛ࡣ㸪ṑࡢ႙
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ኻ࡟ࡼࡿᙳ㡪㸸F (1, 20) = 0.53㸪P = 0.48㸪㣗ᙧែࡢኚ᭦࡟ࡼࡿᙳ㡪㸸F (1, 20) 
= 0.14㸪P = 0.71㸪ṑࡢ႙ኻ × 㣗ᙧែࡢኚ᭦࡟ࡼࡿᙳ㡪㸸F (1, 20) = 0.05㸪P = 
0.82㸪TrkB㑇ఏᏊⓎ⌧㔞࡛ࡣ㸪ṑࡢ႙ኻ࡟ࡼࡿᙳ㡪㸸F (1, 20) = 0.05㸪P = 0.82㸪
㣗ᙧែࡢኚ᭦࡟ࡼࡿᙳ㡪㸸F (1, 20) = 0.00㸪P = 0.98㸪ṑࡢ႙ኻ × 㣗ᙧែࡢኚ
᭦࡟ࡼࡿᙳ㡪㸸F (1, 20) = 0.08㸪P = 0.78࡜࡞ࡾ㸪ࡑࢀࡒࢀࡢᅉᏊ࡟ࡼࡿ᭷ព
࡞ᙳ㡪ࢆㄆࡵ࡞࠿ࡗࡓ. 
ᾏ㤿㸦ᅗ 15㸧 
BDNF㑇ఏᏊⓎ⌧㔞ࡣ㸪⢊ᮎ⩌࡛ࡣ⥔ᣢ⩌࡜ẚ㍑ࡋ࡚႙ኻ⩌࡛᭷ព࡟ῶᑡࡋ㸪
႙ኻ⩌࡛ࡣᅛᙧ㣫ᩱ࡜ẚ㍑ࡋ࡚⢊ᮎ㣫ᩱࢆᦤྲྀࡍࡿࡇ࡜࡟ࡼࡗ࡚᭷ព࡟ῶᑡࡋ
ࡓ㸬 
TrkB㑇ఏᏊⓎ⌧㔞ࡣ㸪ྛ⩌࡟᭷ពᕪࢆㄆࡵ࡞࠿ࡗࡓ㸬 
஧ඖ㓄⨨ศᩓศᯒ࡛ྛ⩌ࢆẚ㍑ࡋࡓ⤖ᯝ㸪BDNF 㑇ఏᏊⓎ⌧㔞࡛ࡣ㸪ṑࡢ႙
ኻ࡟ࡼࡿᙳ㡪㸸F (1, 20) = 4.36㸪P = 0.05㸪㣗ᙧែࡢኚ᭦࡟ࡼࡿᙳ㡪㸸F (1, 20) 
= 1.19㸪P = 0.29㸪ṑࡢ႙ኻ × 㣗ᙧែࡢኚ᭦࡟ࡼࡿᙳ㡪㸸F (1, 20) = 1.08㸪P = 
0.31㸪TrkB㑇ఏᏊⓎ⌧㔞࡛ࡣ㸪ṑࡢ႙ኻ࡟ࡼࡿᙳ㡪㸸F (1, 20) = 0.48㸪P = 0.50㸪
㣗ᙧែࡢኚ᭦࡟ࡼࡿᙳ㡪㸸F (1, 20) = 0.00㸪P = 0.99㸪ṑࡢ႙ኻ × 㣗ᙧែࡢኚ
᭦࡟ࡼࡿᙳ㡪㸪F (1, 20) = 0.04㸪P = 0.85࡜࡞ࡾ㸪ࡑࢀࡒࢀࡢᅉᏊ࡟ࡼࡿ᭷ព
࡞ᙳ㡪ࢆㄆࡵ࡞࠿ࡗࡓ. 
 
◊✲ 2 ṑࡢ႙ኻ࠾ࡼࡧ㣗ᙧែࡢ㐪࠸ࡀᏛ⩦࣭グ᠈⬟࡟㛗ᮇⓗ࡟ཬࡰࡍᙳ㡪ࡢ 
᳨ウ 
 
య㔜࠾ࡼࡧ㣫ᩱᦤྲྀ㔞 
య㔜࠾ࡼࡧ㣫ᩱᦤྲྀ㔞ࡣ࡯ࡰ୍ᐃ࡟᥎⛣ࡋ㸪ࡍ࡭࡚ࡢ⩌㛫࡟᭷ព࡞ᕪࢆㄆࡵ
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࡞࠿ࡗࡓ㸦ᅗ 16㸧㸬 
 
ࢫࢸࢵࣉࢫ࣮ࣝᆺཷືⓗᅇ㑊ヨ㦂 
⥔ᣢ/ᅛᙧ⩌࡜⥔ᣢ/⢊ᮎ⩌ࡣ㸪⋓ᚓヨ⾜࡜ẚ㍑ࡋ࡚ಖᣢヨ⾜࡛ࡢ཯ᛂ₯᫬᫬㛫
ࡀᘏ㛗ࡋ࡚࠾ࡾ᭷ពᕪࢆㄆࡵࡓ㸬ࡋࡓࡀࡗ࡚㸪⥔ᣢ/ᅛᙧ⩌࡜⥔ᣢ/⢊ᮎ⩌࡟ࡣᏛ
⩦࣭グ᠈⬟ࡢపୗࢆㄆࡵ࡞࠿ࡗࡓ㸬୍᪉࡛㸪႙ኻ/ᅛᙧ⩌࡜႙ኻ/⢊ᮎ⩌ࡣ㸪⋓ᚓ
ヨ⾜࡜ẚ㍑ࡋ࡚ಖᣢヨ⾜࡛ࡢ཯ᛂ₯᫬᫬㛫࡟᭷ពᕪࡣㄆࡵ࡞࠿ࡗࡓ㸬ࡋࡓࡀࡗ
࡚㸪႙ኻ/ᅛᙧ⩌࡜႙ኻ/⢊ᮎ⩌࡛ࡣᏛ⩦࣭グ᠈⬟ࡢపୗࢆㄆࡵࡓ㸦ᅗ 17㸧㸬 
ຍ࠼࡚㸪ྛ⩌ࡢ⋓ᚓヨ⾜᫬ࡢ཯ᛂ₯᫬᫬㛫࡟᭷ពᕪࡣㄆࡵ࡞࠿ࡗࡓ㸬ࡲࡓ㸪
ྛ⩌ࡢಖᣢヨ⾜᫬ࡢ཯ᛂ₯᫬᫬㛫ࡣ㸪ྠ㣫ᩱ⩌࡛ࡣ⥔ᣢ⩌ࡼࡾࡶ႙ኻ⩌࡛᭷ព
࡞పୗࢆㄆࡵ㸪⥔ᣢ⩌࡛ࡣ⢊ᮎ㣫ᩱ࡟ኚ᭦ࡍࡿࡇ࡜࡛᭷ព࡞పୗࢆㄆࡵࡓ㸬ࡉ
ࡽ࡟㸪࢝ࢵࢺ࢜ࣇ್࡛࠶ࡿ 300 s࡟฿㐩ࡋࡓ࣐࢘ࢫࡣほᐹࡉࢀ࡞࠿ࡗࡓ㸦ᅗ 18㸧㸬 
஧ඖ㓄⨨ศᩓศᯒ࡛ಖᣢヨ⾜᫬ࡢྛ⩌ࢆẚ㍑ࡋࡓ⤖ᯝ㸪ṑࡢ႙ኻ࡟ࡼࡿᙳ
㡪㸸F (1, 40) = 31.09㸪P < 0.05㸪㣗ᙧែࡢኚ᭦࡟ࡼࡿᙳ㡪㸸F (1, 40) = 0.70㸪P 
= 0.41㸪ṑࡢ႙ኻ × 㣗ᙧែࡢኚ᭦࡟ࡼࡿᙳ㡪㸸F (1, 40) = 6.23㸪P < 0.05㸪࡜
࡞ࡾ㸪཯ᛂ₯᫬᫬㛫ࡢపୗࡣ㸪ṑࡢ႙ኻ࡟ࡼࡿ᭷ព࡞ᙳ㡪ࢆㄆࡵࡿ࡜࡜ࡶ࡟㸪
ṑࡢ႙ኻ࡜㣗ᙧែࡢኚ᭦࡜ࡢ஺஫స⏝࡟ࡼࡿᙳ㡪ࢆㄆࡵࡓ㸬 
 
㗹య⣽⬊ᩘ 
ᾏ㤿 CA1㡿ᇦ࡛ࡣ㸪ṑࡢ႙ኻ࡟ࡼࡗ࡚㗹య⣽⬊ᩘࡢῶᑡࢆㄆࡵ㸪⥔ᣢ⩌࡛ࡣ
⢊ᮎ㣫ᩱ࡬ࡢኚ᭦࡟ࡼࡗ࡚㗹య⣽⬊ࡣ᭷ព࡟ῶᑡࡋࡓ㸦ᅗ 19㸧㸬 
ᾏ㤿 CA3㡿ᇦ࡛ࡣ㸪႙ኻ⩌࡛ࡢ㗹య⣽⬊ᩘࡀῶᑡࢆ♧ࡋ㸪ྠ㣫ᩱ⩌࡛ṑࡢ႙
ኻ࡟ࡼࡿᙳ㡪ࢆㄆࡵࡓ㸬ࡉࡽ࡟⤌⧊ീ࡛ࡣ㸪႙ኻ⩌࡛ࡢ㗹య⣽⬊ࡀⴎ⦰ࡋ࡚࠸
ࡿീࡀほᐹࡉࢀࡓ㸦ᅗ 20㸧㸬 
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஧ඖ㓄⨨ศᩓศᯒ࡛ྛ⩌ࢆẚ㍑ࡋࡓ⤖ᯝ㸪ᾏ㤿 CA1㡿ᇦ࡛ࡣ㸪ṑࡢ႙ኻ࡟ࡼ
ࡿᙳ㡪㸸F (1, 20) = 70.93㸪P < 0.01㸪㣗ᙧែࡢኚ᭦࡟ࡼࡿᙳ㡪㸸F (1, 20) = 42.75㸪
P < 0.01㸪ṑࡢ႙ኻ × 㣗ᙧែࡢኚ᭦࡟ࡼࡿᙳ㡪㸸F (1, 20) = 8.72㸪P < 0.01࡜
࡞ࡾ㸪ṑࡢ႙ኻ࠾ࡼࡧ㣗ᙧែࡢኚ᭦࡟ࡼࡿ᭷ព࡞ᙳ㡪ࢆㄆࡵࡿ࡜࡜ࡶ࡟㸪ṑࡢ
႙ኻ࡜㣗ᙧែࡢኚ᭦࡜ࡢ஺஫స⏝࡟ࡼࡿᙳ㡪ࢆㄆࡵࡓ㸬ᾏ㤿 CA3㡿ᇦ࡛ࡣ㸪ṑ
ࡢ႙ኻ࡟ࡼࡿᙳ㡪㸸F (1, 20) = 16.57㸪P < 0.01㸪㣗ᙧែࡢኚ᭦࡟ࡼࡿᙳ㡪㸸F (1, 
20) = 3.13㸪P = 0.09㸪ṑࡢ႙ኻ × 㣗ᙧែࡢኚ᭦࡟ࡼࡿᙳ㡪㸸F (1, 20) = 0.35㸪
P = 0.56࡜࡞ࡾ㸪ṑࡢ႙ኻ࡟ࡼࡿ᭷ព࡞ᙳ㡪ࢆㄆࡵࡓ㸬 
 
BDNF㸪TrkBᰁⰍീࡢほᐹ 
BDNFᰁⰍീ㸦ᅗ 21㸪22㸧 
ᾏ㤿 CA1㡿ᇦ࡛ࡣ㸪ࡍ࡭࡚ࡢ⩌࡛ྠ⛬ᗘࡢᰁⰍീࢆ♧ࡋࡓ㸬 
ᾏ㤿 CA3 㡿ᇦ࡛ࡣ㸪⥔ᣢ⩌࡜ẚ㍑ࡍࡿ࡜႙ኻ⩌࡛ BDNF Ⓨ⌧ࡢቑຍࡀほᐹ
ࡉࢀࡓ㸬 
TrkBᰁⰍീ㸦ᅗ 23㸪24㸧 
ᾏ㤿 CA1㡿ᇦ࡛ࡣ㸪ࡍ࡭࡚ࡢ⩌࡛ྠ⛬ᗘࡢᰁⰍീࢆ♧ࡋࡓ㸬 
ᾏ㤿 CA3㡿ᇦ࡛ࡣ㸪⥔ᣢ⩌࡜ẚ㍑ࡍࡿ࡜႙ኻ⩌࡛ TrkBⓎ⌧ࡢῶᑡࡀほᐹࡉ
ࢀࡓ㸬 
 
㑇ఏᏊⓎ⌧㔞 
どᗋୗ㒊㸦ᅗ 25㸧 
BDNF㑇ఏᏊⓎ⌧㔞ࡣྠ㣫ᩱ⩌࡛ࡣṑࡢ႙ኻ࡟ࡼࡿᙳ㡪࡛᭷ព࡟ῶᑡࡋࡓ㸬 
TrkB㑇ఏᏊⓎ⌧㔞ࡣྛ⩌࡟᭷ពᕪࡣㄆࡵ࡞࠿ࡗࡓ㸬 
஧ඖ㓄⨨ศᩓศᯒ࡛ྛ⩌ࢆẚ㍑ࡋࡓ⤖ᯝ㸪BDNF 㑇ఏᏊⓎ⌧㔞࡛ࡣ㸪ṑࡢ႙
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ኻ࡟ࡼࡿᙳ㡪㸸F (1, 28) = 16.71㸪P < 0.05㸪㣗ᙧែࡢኚ᭦࡟ࡼࡿᙳ㡪㸸F (1, 28) 
= 1.13㸪P = 0.30㸪ṑࡢ႙ኻ × 㣗ᙧែࡢኚ᭦࡟ࡼࡿᙳ㡪㸸F (1, 28) = 0.86㸪P = 
0.36࡜࡞ࡾ㸪ṑࡢ႙ኻ࡟ࡼࡿ᭷ព࡞ᙳ㡪ࢆㄆࡵࡓ㸬TrkB㑇ఏᏊⓎ⌧㔞࡛ࡣ㸪ṑ
ࡢ႙ኻ࡟ࡼࡿᙳ㡪㸸F (1, 28) = 0.14㸪P = 0.71㸪㣗ᙧែࡢኚ᭦࡟ࡼࡿᙳ㡪㸸F (1, 
28) = 0.33㸪P = 0.57㸪ṑࡢ႙ኻ × 㣗ᙧែࡢኚ᭦࡟ࡼࡿᙳ㡪㸸F (1, 28) = 0.38㸪
P = 0.55࡜࡞ࡾ㸪ࡑࢀࡒࢀࡢᅉᏊ࡟ࡼࡿ᭷ព࡞ᙳ㡪ࢆㄆࡵ࡞࠿ࡗࡓ. 
ᾏ㤿㸦ᅗ 26㸧 
BDNF 㑇ఏᏊⓎ⌧㔞ࡣྠ㣫ᩱ⩌࡛ࡣṑࡢ႙ኻ࡟ࡼࡿᙳ㡪࡛᭷ព࡟ῶᑡࡋ㸪႙
ኻ⩌࡛ࡣᅛᙧ㣫ᩱ࡜ẚ㍑ࡋ࡚⢊ᮎ㣫ᩱࢆᦤྲྀࡍࡿࡇ࡜࡟ࡼࡗ࡚᭷ព࡟ῶᑡࡋࡓ㸬 
TrkB㑇ఏᏊⓎ⌧㔞ࡣ⥔ᣢ/ᅛᙧ⩌࡛ࡣ㸪⢊ᮎ⩌࠾ࡼࡧ႙ኻ⩌࡬ࡢኚ᭦࡟ࡼࡾ᭷
ព࡟ῶᑡࡋࡓ㸬 
஧ඖ㓄⨨ศᩓศᯒ࡛ྛ⩌ࢆẚ㍑ࡋࡓ⤖ᯝ㸪BDNF 㑇ఏᏊⓎ⌧㔞࡛ࡣ㸪ṑࡢ႙
ኻ࡟ࡼࡿᙳ㡪㸸F (1, 32) = 45.37㸪P < 0.05㸪㣗ᙧែࡢኚ᭦࡟ࡼࡿᙳ㡪㸸F (1, 32) 
= 0.37㸪P = 0.54㸪ṑࡢ႙ኻ × 㣗ᙧែࡢኚ᭦࡟ࡼࡿᙳ㡪㸸F (1, 32) = 8.80㸪P < 
0.05 ࡜࡞ࡾ㸪ṑࡢ႙ኻ࡟ࡼࡿ᭷ព࡞ᙳ㡪ࢆㄆࡵࡿ࡜࡜ࡶ࡟㸪ṑࡢ႙ኻ࡜㣗ᙧែ
ࡢኚ᭦࡜ࡢ஺஫స⏝࡟ࡼࡿᙳ㡪ࢆㄆࡵࡓ㸬TrkB㑇ఏᏊⓎ⌧㔞࡛ࡣ㸪ṑࡢ႙ኻ࡟
ࡼࡿᙳ㡪㸸F (1, 32) = 3.50㸪P = 0.07㸪㣗ᙧែࡢኚ᭦࡟ࡼࡿᙳ㡪㸸F (1, 32) = 0.26㸪
P = 0.87㸪ṑࡢ႙ኻ × 㣗ᙧែࡢኚ᭦࡟ࡼࡿᙳ㡪㸸F (1, 32) = 8.21㸪P < 0.05࡜
࡞ࡾ㸪ṑࡢ႙ኻ࡜㣗ᙧែࡢኚ᭦࡜ࡢ஺஫స⏝࡟ࡼࡿᙳ㡪ࢆㄆࡵࡓ㸬 
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⪃ᐹ 
 
ᮏ◊✲࡛ࡣ㸪ᐇ㦂ⓗ࡟ṑࡢ႙ኻ࠾ࡼࡧ㣗ᙧែࡢኚ໬ࢆ⏕ࡌࡉࡏࡓᡂ⇍ᮇࡢ࣐
࢘ࢫࢆㄪ〇ࡋࡓࡀ㸪ࡇࢀࡣ⮫ᗋࣔࢹࣝ࡜ࡋ࡚ࡣ㸪࠺⼃㸪ṑ࿘⑓࡟ࡼࡾ⏕ࡌࡓṑ
ࡢ႙ኻ࡟ࡼࡗ࡚࿪ᄮᶵ⬟ࡀపୗࡋࡓᝈ⪅ࢆ᝿ᐃࡋࡓࡶࡢ࡛࠶ࡿ㸬 
ࣄࢺ࡟㛵ࡍࡿ◊✲࡛ࡣ㸪ညྜࡢ୙ㄪ࿴ࡣ⬻ࡢ⚄⤒⣽⬊ࢆῶᑡࡉࡏ㸪グ᠈⬟ຊ
ࡢ㞀ᐖࢆᘬࡁ㉳ࡇࡍࡇ࡜ࡀ♧၀ࡉࢀ࡚࠸ࡿ 2, 26)㸬୍᪉㸪ື≀◊✲࡛ࡣ㸪ᡂ㛗ᮇ
ࡢ⮻ṑࡢ႙ኻࡸ㌾ᛶ㣗ࡣ㸪ᡂ㛗࡟ᝏᙳ㡪ࢆཬࡰࡍࡇ࡜ࡀ♧၀ࡉࢀ࡚࠸ࡿ 22, 27)㸬
ࡋ࠿ࡋ࡞ࡀࡽ㸪ṑࡢ႙ኻ࠾ࡼࡧ㣗ᙧែࡢ㐪࠸࡟ࡼࡾ⏕ࡌࡿ࿪ᄮᶵ⬟ࡢኚ໬ࡀ⬻
࡟ཬࡰࡍᙳ㡪ࢆ᳨ウࡋࡓ◊✲ࡣࡳࡽࢀ࡞࠸㸬 
ᚑ᮶㸪ṑࡢ႙ኻࡀ୍ᐃࡢỈ‽ࢆ㉸࠼ࡿ࡜࿪ᄮᶵ⬟ࡢపୗ࡟ࡼࡾ㸪㌾ᛶ㣗ရࡢ
㑅ᢥഴྥࡀ⏕ࡌࡿ࡜⪃࠼ࡽࢀ࡚࠸ࡿ 28)㸬㐣ཤࡢື≀◊✲࡛ࡣ㸪⮻ṑࡢ႙ኻࡀ⬻
࡟ཬࡰࡍᙳ㡪࡟ࡘ࠸࡚㸪୺࡟ᡂ㛗ᮇࡢ࣐࢘ࢫࡶࡋࡃࡣࢺࣛࣥࢫࢪ࢙ࢽࢵࢡ࣐࢘
ࢫࡀ౑⏝ࡉࢀ࡚ࡁࡓ 29, 30)㸬ᮏ◊✲࡛ࡣ㸪ᡂே࡛ࡢṑࡢ႙ኻ࠾ࡼࡧ㌾ᛶ㣗ရᦤྲྀ
ࡢᙳ㡪࡟╔┠ࡍࡿࡓࡵ㸪ᡂ⇍ᮇࡢ࣐࢘ࢫࢆ౑⏝ࡋࡓ㸬C57BL/6J ࣐࢘ࢫࡢయ㔜
ࡣ 20㐌㱋ࡲ࡛ቑຍࡍࡿࡇ࡜ࡀ▱ࡽࢀ࡚࠸ࡿ㸬20㐌㱋ᚋࡢ 28㐌㱋ࡲ࡛య㔜ࡢቑ
ຍࡣᏳᐃࡋࡓࡇ࡜࠿ࡽ㸪ᡃࠎࡣయ㔜ኚ໬࡟ࡼࡿᙳ㡪ࢆ㝖እࡍࡿࡓࡵ㸪28 㐌㱋࡛
⮻ṑࢆᢤཤࡋࡓ㸬 
㐣ཤࡢሗ࿌࡟ࡣ㸪ᑐ↷⩌࡜ẚ㍑ࡋ࡚⮻ṑࢆ႙ኻࡋࡓ⩌࠾ࡼࡧ㌾ᛶ㣫ᩱࢆ୚࠼
ࡓ⩌ࡢయ㔜ࡣ㸪᭷ព࡟పୗࡋࡓ 31, 32)ࡶࡢ㸪㌾ᛶ㣫ᩱ࠾ࡼࡧᾮయ㣫ᩱࡢᦤྲྀ࡟ࡼ
ࡿయ㔜ࡢ᭷ព࡞ኚ໬ࡣ♧ࡉ࡞࠿ࡗࡓ 22)ࡶࡢࡢ୧⪅ࡀぢࡽࢀࡿ㸬ᮏ◊✲࡛ࡣయ㔜
࠾ࡼࡧ㣫ᩱᦤྲྀ㔞ࢆ ᐃࡋࡓ⤖ᯝ㸪࡜ࡶ࡟᭷ព࡞ኚ໬ࡣㄆࡵ࡞࠿ࡗࡓ㸬ࡇࡢ⤖
ᯝࡣ㸪࣐࢘ࢫࡀ௚ࡢ◊✲ࡼࡾࡶᡂ⇍ࡋ࡚࠸ࡓࡇ࡜࡛ᡂ㛗ࡸຍ㱋࡬ࡢᙳ㡪ࡀᑡ࡞
࠿ࡗࡓ࡜⪃࠼ࡽࢀࡿ㸬 
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௒ᅇࡢ⤖ᯝ࠿ࡽࡣ㸪㛗ᮇⓗ࡞ṑࡢ႙ኻࡣ BDNF㑇ఏᏊⓎ⌧ࡢῶᑡࢆᘬࡁ㉳ࡇ
ࡍࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓ㸬BDNF ࠾ࡼࡧࡑࡢ㧗ぶ࿴ᛶཷᐜయ࡛࠶ࡿ TrkB ࡣᦤ
㣗࠾ࡼࡧ⮬Ⓨⓗ⾜ື࡟㛵୚ࡍࡿどᗋୗ㒊࡟ከࡃⓎ⌧ࡍࡿ 20)ࡇ࡜ࡀ▱ࡽࢀ࡚࠾ࡾ㸪
BDNF ࡣᦤ㣗ᢚไࡶࡋࡃࡣ࢚ࢿࣝࢠ࣮௦ㅰ࡟㔜せ࡞ᙺ๭ࢆ᭷ࡍࡿ࡜⪃࠼ࡽࢀ࡚
࠸ࡿ㸬どᗋୗ㒊ࡣᦤ㣗⾜ືࡸయ㔜ไᚚ࡟㛵୚ࡍࡿࡇ࡜ࡀ▱ࡽࢀ࡚࠾ࡾ㸪⥅⥆ⓗ
࡟⚄⤒⣽⬊ࡢ᪂⏕ࢆ⏕ࡌࡿࡇ࡜ࡀ♧၀ࡉࢀ࡚࠸ࡿ 20, 33)㸬ࡉࡽ࡟㸪㌾ᛶ㣫ᩱࢆᦤ
ྲྀࡉࡏࡓ࣐࢘ࢫࡢどᗋୗ㒊࡛ࡣ⚄⤒⣽⬊ࡢቑṪࡀపୗࡍࡿ࡜ሗ࿌ࡉࢀ࡚࠸ࡿ 34)㸬
ࡍ࡞ࢃࡕ㸪ṑࡢ႙ኻࡣ BDNFࡢⓎ⌧࡟ᙳ㡪ࢆཬࡰࡋ⏕యᜏᖖᛶࢆ㞀ᐖࡍࡿྍ⬟
ᛶࡀ࠶ࡿ㸬ࡋ࠿ࡋ࡞ࡀࡽ㸪㛗ᮇ㛫ほᐹࡋࡓ႙ኻ⩌ࡢ࣐࢘ࢫ࡛ࡣయ㔜࠾ࡼࡧ㣫ᩱ
ᦤྲྀ㔞࡟ࡣ᭷ព࡞ኚ໬ࢆㄆࡵ࡞࠿ࡗࡓ㸬ࡋࡓࡀࡗ࡚㸪ࡉࡽ࡟㛗ᮇࡢほᐹࢆ⾜࠺
ࡇ࡜࡟ࡼࡗ࡚య㔜㸪㣫ᩱᦤྲྀ㔞࡟ᙳ㡪ࢆཬࡰࡍࡇ࡜ࡶ⪃࠼ࡽࢀࡿ㸬ࡲࡓ㸪どᗋ
ୗ㒊ࡣࢫࢺࣞࢫ཯ᛂࡢ୰ᯡ࡛࠶ࡾ㸪≉࡟どᗋୗ㒊ᐊഐ᰾࡛ࡣࢫࢺࣞࢫ࡟ᛂ⟅ࡋ
࡚ᵝࠎ࡞⚄⤒࣌ࣉࢳࢻ㸪࣍ࣝࣔࣥࡀ⏘⏕࣭ศἪࡉࢀ㸪⏕యࡢࢫࢺࣞࢫ཯ᛂ࡟ᑐ
ࡋ࡚㔜せ࡞ᙺ๭ࢆᢸࡗ࡚࠸ࡿ㸬ࡇࢀࡲ࡛㸪ࢫࢺࣞࢫࡀ⮻ṑࡢ႙ኻࡸညྜࡢ୙ㄪ
࿴࡟㛵୚ࡋ㸪Ꮫ⩦࣭グ᠈⬟ࢆ㞀ᐖࡍࡿ࡜ሗ࿌ࡉࢀ࡚࠸ࡿ 31, 35)㸬ࡋ࠿ࡋ࡞ࡀࡽ㸪
ཱྀ⭍ᶵ⬟ࡢኚ໬࡟ࡼࡗ࡚⏕ࡌࡿࢫࢺࣞࢫࡀどᗋୗ㒊࡟ཬࡰࡍᙳ㡪ࡣᮍࡔ᫂ࡽ࠿
࡟࡞ࡗ࡚࠸࡞࠸㸬 
8᪉ྥᨺᑕ≧㏞㊰ࡸỈ㏞㊰ࡢࡼ࠺࡞ከࡃࡢ⾜ືᐇ㦂ࡀ㸪Ꮫ⩦࣭グ᠈⬟ࡢ ᐃ࡟
⏝࠸ࡽࢀ࡚࠸ࡿ 36, 37)㸬ࡇࢀࡽࡢࢸࢫࢺࡣ㸪BDNFࡢⓎ⌧࡟ᙳ㡪ࡍࡿ⮬Ⓨⓗ⾜ື
ࢆᚲせ࡜ࡍࡿ 38)㸬ᡃࠎࡀ⏝࠸ࡓࢫࢸࢵࣉࢫ࣮ࣝᆺཷືⓗᅇ㑊ヨ㦂ࡣ㸪⮬Ⓨⓗ⾜
ືࡢᙳ㡪ࢆ㝖እࡋ㸪௚ࡢ⾜ືᐇ㦂ࡼࡾࡶ⡆౽࡛࠶ࡿ࡜ࡉࢀ࡚࠸ࡿ㸬▷ᮇⓗほᐹ
࡛ࡣ㸪ࡍ࡭࡚ࡢ⩌ࡣᏛ⩦グ᠈⬟ࡢపୗࡣ♧ࡉ࡞࠿ࡗࡓ㸬ࡋ࠿ࡋ࡞ࡀࡽ㸪㛗ᮇⓗ
ほᐹ࡛ࡣ㸪႙ኻ/ᅛᙧ⩌࡜႙ኻ/⢊ᮎ⩌࡛Ꮫ⩦࣭グ᠈⬟ࡢపୗࢆ♧ࡋࡓ㸬ࡇࢀࡽࡢ
⤖ᯝ࠿ࡽᡂ⇍ᮇࡢ࣐࢘ࢫ࡟࠾࠸࡚▷ᮇⓗ࡞ṑࡢ႙ኻ࡛ࡣᏛ⩦࣭グ᠈⬟పୗࢆ⏕
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ࡌ࡞࠸୍᪉㸪㛗ᮇⓗ࡞ṑࡢ႙ኻࡣᏛ⩦࣭グ᠈⬟ࡢపୗࢆ⏕ࡌࡿྍ⬟ᛶࡀ࠶ࡿ㸬
ࡉࡽ࡟⋓ᚓヨ⾜࡜ಖᣢヨ⾜ࡢ཯ᛂ₯᫬᫬㛫ࢆྛ⩌࡛ẚ㍑ࡋࡓ⤖ᯝ㸪ಖᣢヨ⾜࡛
ࡣṑࡢ႙ኻ࠾ࡼࡧ⢊ᮎ㣫ᩱࡢᦤྲྀ࡟ࡼࡗ࡚཯ᛂ₯᫬᫬㛫ࡢ᭷ព࡞ῶᑡࢆㄆࡵࡓ㸬
ࡇࢀࡽࡢほᐹ࠿ࡽᏛ⩦࣭グ᠈⬟㞀ᐖࢆᘬࡁ㉳ࡇࡍ࡟ࡣ㸪㌾ᛶ㣫ᩱࡢᦤྲྀࡼࡾࡶ
ṑࡢ႙ኻࡀ኱ࡁࡃᙳ㡪ࡍࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓ㸬⌧ᅾ㸪ᢤṑࡶࡋࡃࡣᾮయ㣫
ᩱᦤྲྀ࡟ࡼࡾ⏕ࡌࡓཱྀ⭍㡿ᇦࡢឤぬᛶ่⃭ࡢῶᑡࡣ㸪グ᠈㞀ᐖࢆㄏⓎࡍࡿ࡜⪃
࠼ࡽࢀ࡚࠸ࡿ 22, 31)㸬ࡋ࠿ࡋ࡞ࡀࡽ㸪ᡂ⇍ᮇࡢ࣐࢘ࢫ࡛ࡣ㸪⬻ࡢࢩࢼࣉࢫ㛫ࡢ㐃
⤖ࡀ᪤࡟ᡂ⇍ࡋ࡚࠸ࡿⅭ㸪▷ᮇⓗ࡞ឤぬᛶ่⃭ࡢῶᑡ࡛ࡣグ᠈⬟㞀ᐖࢆ⏕ࡌ࡞
࠿ࡗࡓྍ⬟ᛶࡀ♧၀ࡉࢀࡿ㸬ᡂ⇍ᮇࡢ࣐࢘ࢫࡢ⮻ṑࢆᢤṑࡋ㸪4㐌㛫㣫⫱ࡋࡓ⤖
ᯝ㸪Ꮫ⩦࣭グ᠈⬟㞀ᐖࡀ⏕ࡌࡓ࡜ሗ࿌ࡶ࠶ࡿ 31, 39)㸬ࡋ࠿ࡋ࡞ࡀࡽ㸪ࡇࢀࡽࡢ◊
✲࡛ࡣ㸪ࢺࣛࣥࢫࢪ࢙ࢽࢵࢡ࣐࢘ࢫࢆ⏝࠸࡚࠾ࡾ㸪⪁໬ಁ㐍࣐࢘ࢫࡸࢺࣛࣥࢫ
ࢪ࢙ࢽࢵࢡ࣐࢘ࢫࡣ㸪ࣀ࣮࣐࣐ࣝ࢘ࢫ࡜ࡣ␗࡞ࡿᡂ㛗㐣⛬ࢆ㎺ࡿࡇ࡜ࡀᙳ㡪ࡋ
࡚࠸ࡿ࡜⪃࠼ࡽࢀࡿ㸬 
ᾏ㤿ࡣグ᠈࡟㔜せ࡞ᙺ๭ࢆ᭷ࡋ࡚࠾ࡾ㸪ᾏ㤿 CA1㸪CA3㡿ᇦ࡟࠾ࡅࡿ㗹య⣽
⬊ࡢῶᑡࡸⴎ⦰ࡣ㸪グ᠈⬟ࡢ㞀ᐖࢆ⏕ࡌࡿࡇ࡜ࡀ♧၀ࡉࢀ࡚࠸ࡿ 40)㸬ࡋࡓࡀࡗ
࡚㸪ᮏ◊✲࡛ࡣ㸪ᾏ㤿 CA1㸪CA3㡿ᇦࡢ㗹య⣽⬊ᩘࢆホ౯ࡋࡓ㸬ࡑࡢ⤖ᯝ㸪႙
ኻ⩌ࡣ 4㐌㛫࠾ࡼࡧ 16㐌㛫ࡢᐇ㦂ᮇ㛫࡛㸪ᾏ㤿 CA1㸪CA3㡿ᇦ࡟࠾ࡅࡿ㗹య
⣽⬊ࡢῶᑡࢆㄆࡵࡓ㸬ࡲࡓ㸪ᅛᙧ⩌࡜ẚ㍑ࡋ࡚⢊ᮎ⩌࡛ࡢ㗹య⣽⬊ᩘࡣῶᑡࡋ
ࡓ㸬ࡉࡽ࡟㸪BDNF ࠾ࡼࡧ TrkB ࡢ㑇ఏᏊⓎ⌧㔞ࡣ⥔ᣢ⩌࡜ẚ㍑ࡋ࡚႙ኻ⩌࡛
ῶᑡഴྥࢆ♧ࡋࡓ㸬▷ᮇⓗほᐹ࡛ࡣ㸪ṑࡢ႙ኻ࡟ࡼࡿᙳ㡪ࢆㄆࡵࡓࡀ㸪⢊ᮎ㣫
ᩱᦤྲྀ࡟ࡼࡿᙳ㡪ࡣ࡯࡜ࢇ࡝ㄆࡵ࡞࠿ࡗࡓ㸬ࡋ࠿ࡋ㸪㛗ᮇⓗほᐹ࡛ࡣ㸪ṑࡢ႙
ኻ࡜⢊ᮎ㣫ᩱࡢᦤྲྀ࡟ࡼࡗ࡚ BDNF㸪TrkB㑇ఏᏊⓎ⌧㔞㸪㗹య⣽⬊ᩘࡀῶᑡࡋ
ࡓ㸬ࡇࡢ⤖ᯝࡣ㸪ṑࡢ႙ኻ࡜ẚ㍑ࡋ࡚⢊ᮎ㣫ᩱᦤྲྀࡢᙳ㡪ࡀᑡ࡞࠸ࡇ࡜ࢆ♧ࡋ
࡚࠸ࡿ㸬ࡇࢀࡲ࡛㸪ṑࢆ႙ኻࡋ㸪ṑ᰿⭷ࡀ႙ኻࡍࡿࡇ࡜࡟ࡼࡾṑ᰿⭷ည➽཯ᑕ
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ࡀᾘኻࡋညྜຊࢆቑᙉ࡛ࡁ࡞ࡃ࡞ࡿࡇ࡜㸪㛢ཱྀ➽ࡢάືࡀᙅࡃ࡞ࡾ༑ศ࡟ჶࡳ
ࡋࡵࡽࢀ࡞࠸ࡇ࡜ 41-43) ࡀሗ࿌ࡉࢀ࡚࠾ࡾ㸪⤖ᯝ࡜ࡋ࡚ồᚰᛶࡢ่⃭ࡢῶᑡࡀ⏕
ࡌࡿ࡜ࡉࢀ࡚࠸ࡿ㸬ࡋࡓࡀࡗ࡚㸪ṑ᰿⭷่⃭ࡢ᭷↓ࡀ⬻࡟኱ࡁ࡞ᙳ㡪ࢆ୚࠼࡚
࠸ࡿࡇ࡜ࢆ♧၀ࡋ࡚࠸ࡿ㸬ࡲࡓ㸪▷ᮇⓗほᐹ࡛ࡣ㸪႙ኻ⩌࡛ࡶᏛ⩦࣭グ᠈⬟࡟
ኚ໬ࡣ⏕ࡌ࡞࠿ࡗࡓ㸬୍᪉࡛㸪㛗ᮇⓗほᐹ࡛ࡣ㸪႙ኻ⩌ࡢᏛ⩦グ᠈⬟ࡀపୗࢆ
♧ࡋࡓ㸬࣐࢘ࢫࡢ⮻ṑࢆᢤṑࡋ㸪✵㛫グ᠈Ꮫ⩦⬟ࢆホ౯ࡋࡓ◊✲࡟࠾࠸࡚㸪ᢤ
ṑᚋ 1 㐌㛫࡛ࡣ㸪ࢥࣥࢺ࣮ࣟࣝ⩌࡜ᢤṑ⩌࡟ᕪࡣ࡞࠿ࡗࡓࡀ㸪ᢤṑ 7 㐌┠࡟࡞
ࡿ࡜ࢥࣥࢺ࣮ࣟࣝ⩌࡟ẚ࡭ᢤṑ⩌ࡢᡂ⦼ࡀపୗࡋࡓ࡜ሗ࿌ࡋ࡚࠸ࡿ 44)㸬ࡲࡓ㸪
❑⏣ࡽࡣࢧࣝࡢ⮻ṑࢆᢤṑࡋࡓሙྜ㸪ṑᵴ㦵⚄⤒ࡣኚᛶࡍࡿࡀ㸪ᢤṑࡢᙳ㡪ࡀ
୰ᯡ࡬⌧ࢀࡿࡢࡣ௚ࡢ⤌⧊࡜ẚ㍑ࡋ࡚࠿࡞ࡾ㐜࠸࡜ሗ࿌ࡋ࡚࠸ࡿ 45)㸬ࡋࡓࡀࡗ
࡚㸪ᮏ◊✲ࡢ⤖ᯝ࡛ࡣ㸪Ꮫ⩦࣭グ᠈⬟㞀ᐖࡢ㢧ᅾ໬࡜⬻ࡢᵓ㐀ⓗኚ໬࡟ࢱ࢖࣒
ࣛࢢࡀ⏕ࡌ࡚࠸ࡓ࡜⪃࠼ࡽࢀࡿ㸬
ᮏ◊✲࡛ࡣ㸪Real-time PCR࡜࡜ࡶ࡟ච␿⤌⧊໬ᏛᰁⰍ࡟ࡼࡗ࡚㸪ᾏ㤿࡟࠾
ࡅࡿ BDNF㸪TrkB ᰁⰍീࡢほᐹࢆ⾜ࡗࡓ㸬ࡑࡢ⤖ᯝ㸪▷ᮇⓗほᐹ࡛ࡣ㸪ᾏ㤿
CA3 㡿ᇦ࡟࠾࠸࡚႙ኻ⩌ࡢ BDNF㸪TrkB Ⓨ⌧ࡢῶᑡࢆㄆࡵࡓ㸬ࡋࡓࡀࡗ࡚㸪
BDNF㸪TrkBⓎ⌧ࡢῶᑡࡀ㗹య⣽⬊ࡢῶᑡ࡟ᙳ㡪ࢆཬࡰࡋ࡚࠸ࡿࡇ࡜ࡀ♧၀ࡉ
ࢀࡓ㸬⯆࿡῝࠸ࡇ࡜࡟㸪㛗ᮇⓗほᐹ࡛ࡣ㸪ᾏ㤿 CA3 㡿ᇦࡢ BDNF Ⓨ⌧ࡣቑຍ
ࡋࡓ㸬Okihara ࡽࡣ㸪ᡂ㛗ᮇ࡟ᾮయ㣫ᩱࢆ୚࠼࡚㣫⫱ࡋࡓ࣐࢘ࢫࡢᾏ㤿 BDNF
ࢆ࢚࢘ࢫࢱࣥࣈࣟࢵࢸ࢕ࣥࢢ࡛ ᐃࡋࡓ࡜ࡇࢁ㸪ᑐ↷⩌࡜ẚ㍑ࡋ࡚ BDNFⓎ⌧
ࡀቑຍࡋࡓ࡜ሗ࿌ࡋ࡚࠸ࡿ 22)㸬ࡲࡓ㸪ᆘ㦵⚄⤒ᦆയ᫬࡟㦵㧊⏤᮶⣽⬊ࡀᦆയ⤌
⧊࿘ᅖ࡟㞟✚ࡋ㸪BDNF ࢆྜᡂ࠾ࡼࡧศἪࡋ࡚࠸ࡿࡇ࡜ࡀሗ࿌ࡉࢀ࡚࠾ࡾ 46)㸪
BDNF ࡀᦆയ㒊఩࡟ᑐࡋ࡚⚄⤒ࡢಟ᚟ࡸಖㆤࢆ⾜ࡗ࡚࠸ࡿࡇ࡜ࡀ♧၀ࡉࢀ࡚࠸
ࡿ㸬௨ୖࡼࡾ㸪ᾏ㤿࡟࠾࠸࡚ࡶṑࡢ႙ኻ࡟ࡼࡿ࿪ᄮᶵ⬟ࡢపୗ࠿ࡽ⏕ࡌࡿ⚄⤒
⣽⬊ࡢᦆയࡀ୍ᐃࡢỈ‽ࢆ㉸࠼ࡿ࡜㸪ᦆയ⤌⧊࡛ BDNFࡢྜᡂࡀቑຍࡋ㸪⚄⤒
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⤌⧊ࡢಟ᚟࡟స⏝ࡋ࡚࠸ࡿྍ⬟ᛶࡀ⪃࠼ࡽࢀࡿ㸬 
⮻ṑࡢ႙ኻࡣ⾑୰ࢥࣝࢳࢥࢫࢸࣟࣥࢆୖ᪼ࡉࡏ 47, 48)㸪✵㛫グ᠈⬟ࡢ㞀ᐖࢆᘬ
ࡁ㉳ࡇࡍ 36)࡜ሗ࿌ࡉࢀ࡚࠸ࡿ㸬ࢫࢺࣞࢫࡸࢥࣝࢳࢥࢫࢸࣟࣥࡢቑຍࡣ㸪ᾏ㤿࡛
ࡢ⚄⤒⣽⬊ቑṪ⬟ࢆపୗࡍࡿ࡜⪃࠼ࡽࢀ࡚࠸ࡿ 49-51)㸬ࡲࡓ㸪㌾ᛶ㣫ᩱࡢᦤྲྀ࡟
ࡼࡾ⾑₢ࢥࣝࢳࢥࢫࢸࣟࣥࡢ್ࡢቑຍࡀ♧၀ࡉࢀ࡚࠸ࡿ 52-54)㸬ࡉࡽ࡟㸪㌾ᛶ㣫
ᩱࢆࣛࢵࢺ࡟୚࠼ࡿᐇ㦂࡛ࡣ㸪ᾏ㤿ࡢࢻ࣮ࣃ࣑ࣥᨺฟࡢῶᑡ࡟ࡼࡾ㓟໬ࢫࢺࣞ
ࢫࢆ㧗ࡵࡿ࡜ࡉࢀࡿ 55)㸬୍᪉࡛㸪ࣛࢵࢺ࡟ᾮయ㣫ᩱࡸ㌾ᛶ㣫ᩱࢆ୚࠼ࡓ◊✲࡛
ࡣ㸪ࢫࢺࣞࢫ࡟᭷ពᕪࢆㄆࡵ࡚࠾ࡽࡎ㸪୍ ㈏ᛶࡢ࡞࠸⤖ᯝ࡜࡞ࡗ࡚࠸ࡿ 35)㸬ᡃ ࠎ
ࡣணഛ◊✲࡛㸪࣐࢘ࢫ⮻ṑࡢᢤṑࢆ⾜࠸㸪ࢫࢺࣞࢫࡢ࣐࣮࣮࡛࢝࠶ࡿ⾑୰ࢥࣝ
ࢳࢥࢫࢸࣟࣥࢆ ᐃࡋࡓ㸬ࡑࡢ⤖ᯝ㸪ᑐ↷⩌࡜ẚ㍑ࡋ⮻ṑࢆᢤṑࡋࡓ࣐࢘ࢫ࡛
ࡣ㸪ᢤṑᙜ᪥ࡢ⾑୰ࢥࣝࢳࢥࢫࢸࣟࣥࡢ್ࡣୖ᪼ഴྥࢆ♧ࡋࡓࡶࡢࡢ㸪ᚎࠎ࡟
పୗࡋ㸪ᢤṑᚋ 1 ࣧ᭶ࡲ࡛ ᐃࢆ⾜ࡗࡓࡀ㸪࡝ࡢ᫬Ⅼ࡛ࡶ᭷ពᕪࡣㄆࡵ࡞࠿ࡗ
ࡓ㸬ࡋࡓࡀࡗ࡚㸪ᮏ◊✲࡛ࡣ㸪ᢤṑ࡟ࡼࡿ඲㌟ⓗࢫࢺࣞࢫࡣ⏕ࡌ࡞࠿ࡗࡓ࡜⪃
࠼ࡽࢀࡿ㸬ࡋ࠿ࡋ࡞ࡀࡽ㸪ཱྀ⭍⎔ቃࡢኚ໬࡟ࡼࡾ⏕ࡌࡿࢫࢺࣞࢫࡀ⬻࡟ཬࡰࡍ
ᙳ㡪ࡣࡉࡽ࡞ࡿ᳨ウࢆ⾜࠺ᚲせࡀ࠶ࡿ㸬 
 
⥲ᣓ 
 
ṑࡢ႙ኻ࠾ࡼࡧ㣗ᙧែࡢ㐪࠸ࡣ▷ᮇ㛫࡜㛗ᮇ㛫࡛⬻࡟ཬࡰࡍᙳ㡪ࡀ␗࡞ࡿࡇ
࡜ࡀ᫂ࡽ࠿࡜࡞ࡾ㸪ṑࡢ႙ኻ࠾ࡼࡧ㣗ᙧែࡢ㐪࠸࡜Ꮫ⩦࣭グ᠈⬟࡜ࡢ㛵㐃ࡢ୍
➃ࡀ᫂ࡽ࠿࡜࡞ࡗࡓ㸬 
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ㅰ㎡ 
 
✏ࢆ⤊࠼ࡿ࡟࠶ࡓࡾ㸪⤊ጞᚚ᠓⠜࡞ࡿᚚᣦᑟ࡞ࡽࡧ࡟ᚚᰯ㜀ࢆ㈷ࡾࡲࡋࡓᮏ
Ꮫ኱Ꮫ㝔་ṑ⸆ಖ೺Ꮫ◊✲㝔ᛂ⏝⏕࿨⛉Ꮫ㒊㛛㸦ඛ➃ṑ⛉⿵⥛Ꮫ㸧ὠ㈡୍ᘯᩍ
ᤵ࡟῝⏒࡞ࡿㅰពࢆ⾲ࡋࡲࡍ㸬ࡲࡓ㸪ᚚᩍ♧㸪ᚚᰯ㜀ࢆ㈷ࡾࡲࡋࡓᮏᏛ኱Ꮫ㝔
་ṑ⸆ಖ೺Ꮫ◊✲㝔ᇶ♏⏕࿨⛉Ꮫ㒊㛛㸦ཱྀ⭍⏕⌮Ꮫ㸧ᮡ⏣ㄔᩍᤵ㸪⤫ྜ೺ᗣ⛉
Ꮫ㒊㛛㸦බ⾗ཱྀ⭍ಖ೺Ꮫ㸧ᮡᒣ຾ᩍᤵ㸪ᛂ⏝⏕࿨⛉Ꮫ㒊㛛㸦ඛ➃ṑ⛉⿵⥛Ꮫ㸧
Ᏻ㒊಴ோㅮᖌ㸪ྡྂᒇᕷ❧኱Ꮫ኱Ꮫ㝔་Ꮫ◊✲⛉㸦⑓ែ⏕໬Ꮫ㸧㐨ᕝㄔᩍᤵ࡞
ࡽࡧ࡟ᮏᏛ㉥ᕝᏳṇྡ㄃ᩍᤵ࡟ឤㅰࡢពࢆᤝࡆࡲࡍ㸬ࡲࡓ㸪ᮏ◊✲ࢆ⾜࠺࡟࠶
ࡓࡾ㸪ᚚຓゝ㸪ᚚ༠ຊࢆ㡬ࡁࡲࡋࡓᮏᏛ኱Ꮫ㝔་ṑ⸆ಖ೺Ꮫ◊✲㝔ᇶ♏⏕࿨⛉
Ꮫ㒊㛛㸦ཱྀ⭍㢡㢦㠃⑓⌮⑓ែᏛ㸧㧗⏣㝯ᩍᤵ࡞ࡽࡧ࡟ᛂ⏝⏕࿨⛉Ꮫ㒊㛛㸦ඛ➃
ṑ⛉⿵⥛Ꮫ㸧ྜྷᕝᓠຍ෸ᩍᤵ࡟῝ㅰ࠸ࡓࡋࡲࡍ㸬ࡉࡽ࡟◊✲㐙⾜ୖ࠾ࡼࡧᮏㄽ
ᩥసᡂୖࡢᚚຓゝ࡜ᚚ㠴᧡ࢆ㈷ࡾࡲࡋࡓᮏᏛ኱Ꮫ㝔་ṑ⸆ಖ೺Ꮫ◊✲㝔ᛂ⏝⏕
࿨⛉Ꮫ㒊㛛㸦ඛ➃ṑ⛉⿵⥛Ꮫ㸧᫝➉ඞ⣖デ⒪ㅮᖌ࡞ࡽࡧ࡟኱ୖ༤ྐຓᩍ࡟ཌࡃ
ᚚ♩⏦ࡋୖࡆࡲࡍ㸬ࡲࡓ㸪ከࡃࡢࡈᨭ᥼㸪ࡈ༠ຊࢆ㡬ࡁࡲࡋࡓᮏᏛ኱Ꮫ㝔་ṑ
⸆ಖ೺Ꮫ◊✲㝔ᛂ⏝⏕࿨⛉Ꮫ㒊㛛㸦ඛ➃ṑ⛉⿵⥛Ꮫ㸧ࡢᩍᐊဨࡢ᪉ࠎ㸪≉࡟◊
✲㐙⾜࡟ᚚຓຊ㡬ࡁࡲࡋࡓᒸ⏣ಙ㍜ຓᩍ㸪Ἑ㔝⪷ඛ⏕㸪బࠎᮌ⨾࿴ඛ⏕࡟ឤㅰ
࠸ࡓࡋࡲࡍ㸬ࡲࡓ᭱ᚋ࡟ᖖ࡟⚾ࢆᨭ࠼࡚ࡃࢀࡓ୧ぶ࡟ឤㅰ࠸ࡓࡋࡲࡍ㸬  
 
  
20 
 
ཧ⪃ᩥ⊩ 
 
1) Avlund K, Holm-Pedersen P, Morse DE, Viitanen M, Winblad B. 
Tooth loss and caries prevalence in very old Swedish people: the 
relationship to cognitive function and functional ability. 
Gerodontology 2004; 21: 17-26. 
2) Wu B, Plassman BL, Crout RJ, Liang J. Cognitive function and oral 
health among community-dwelling older adults. J Gerontol 2008; 
63: 495-500. 
3) Syrjälä AM, Ylöstalo P, Ruoppi P, Komulainen K, Hartikainen S, 
Sulkava R, Knuuttila M. Dementia and oral health among subjects 
aged 75 years or older. Gerodontology 2012; 29: 36-42. 
4) Adam H, Preston AJ. The oral health of individuals with dementia 
in nursing homes. Gerodontology 2006; 23: 99-105. 
5) Joshipura K. The relationship between oral conditions and 
ischemic stroke and peripheral vascular disease. J Am Dent Assoc 
2002; 133: 23-30. 
6) Watanabe K, Ozono S, Nishiyama K, Saito S, Tonosaki K, Fujita M, 
Onozuka M. The molarless condition in aged SAMP8 mice 
attenuates hippocampal Fos induction linked to water maze 
performance. Behav Brain Res 2002; 128(1): 19-25. 
7) Aberg F, Helenius-Hietala J, Meurman J, Isoniemi H. Association 
between dental infections and the clinical course of chronic liver 
disease. Hepatol Res 2014; 44(3): 349-353. 
21 
 
8) Kondo K, Niino M, Shido K. A case-control study of Alzheimer's 
disease in Japan - significance of life-styles. Dementia 1994; 5: 
314-326. 
9) Kaye EK, Valencia A, Baba N, Spiro A 3rd, Dietrich T, Garcia RI. 
Tooth loss and periodontal disease predict poor cognitive function in 
older men. J Am Geriatr Soc 2010; 58(4): 713-718. 
10) Yamamoto T, Kondo K, Hirai H, Nakade M, Aida J, Hirata Y. 
Association between selfreported dental health status and onset of 
dementia: a 4-year prospective cohort study of older Japanese 
adults from the Aichi Gerontological Evaluation Study (AGES) 
Project. Psychosom Med 2012; 74: 241-248. 
11) Terasawa H, Hirai T, Ninomiya T, Ikeda Y, Ishijima T, Yajima T, 
Hamaue N, Nagase Y, Kang Y, Minami M. Influence of tooth-loss 
and concomitant masticatory alterations on cholinergic neurons in 
rats: immunohistochemical and biochemical studies. Neurosci Res 
2002; 43(4): 373-379. 
12) Oue H, Miyamoto Y, Okada S, Koretake K, Jung CG, Michikawa M, 
Akagawa Y. Tooth loss induces memory impairment and neuronal  
cell loss in APP transgenic mice. Behav Brain Res 2013; 252: 318- 
325.  
13) Diniz DG, Foro CA, Rego CM, Gloria DA, de Oliveira FR, Paes JM, 
de Sousa AA, Tokuhashi TP, Trindade LS, Turiel MC, Vasconcelos 
EG, Torres JB, Cunnigham C, Perry VH, Vasconcelos PF, Diniz CW. 
Environmental impoverishment and aging alter object recognition, 
22 
 
spatial learning, and dentate gyrusastrocytes. Eur J Neurosci 2010; 
32(3): 509-519. 
14) McKim DB, Niraula A, Tarr AJ, Wohleb ES, Sheridan JF, Godbout 
JP. Neuroinflammatory dynamics underlie memory impairments 
after repeated social defeat. J Neurosci 2016; 36(9): 2590-2604. 
15) McAllister AK, Katz LC, Lo DC. Neurotrophins and synaptic 
plasticity. Annu Rev Neurosci 1999; 22: 295-318. 
16) Connor B, Dragunow M. The role of neuronal growth factors in 
neurodegenerative disorders of the human brain. Brain Res Brain 
Res Rev 1998; 27(1): 1-39.  
17) Murer MG, Yan Q, Raisman-Vozari R. Brain-derived neurotrophic 
factor in the control human brain, and in Alzheimer's disease and 
Parkinson's disease. Prog Neurobiol 2001; 63(1): 71-124. 
18) Szeszko PR, Lipsky R, Mentschel C, Robinson D, Gunduz-Bruce H, 
Sevy S, Ashtari M, Napolitano B, Bilder RM, Kane JM, Goldman D, 
Malhotra AK. Brain-derived neurotrophic factor val66met 
polymorphism and volume of the hippocampal formation. Mol 
Psychiatry 2005; 10(7): 631-636. 
19) Kernie SG, Liebl DJ, Parada LF. BDNF regulates eating behavior 
and locomotor activity in mice. EMBO J 2000; 19(6): 1290-1300. 
20) Bathina S, Das UN. Brain-derived neurotrophic factor and its 
clinical implications. Arch Med Sci 2015; 11(6): 1164-1178. 
21) Yamazaki K, Wakabayashi N, Kobayashi T, Suzuki T. Effect of  
tooth loss on spatial memory and trkB-mRNA levels in rats.  
23 
 
Hippocampus 2008; 18(6): 542-547.  
22) Okihara H, Ito J, Kokai S, Ishida T, Hiranuma M, Kato C, 
Yabushita T, Ishida K, Ono T, Michikawa M. Liquid diet induces 
memory impairment accompanied by a decreased number of 
hippocampal neurons in mice. J Neurosci Res 2014; 92(8): 
1010-1017.  
23) Yamauchi T, Koide A. The relationship between masticatory ability 
and dietary intake in elderly. Bull Nagoya Women’s University 
2008; 54: 89-98. 
24) బࠎᮌ຾ᛅ. ཱྀ⭍ᶵ⬟࡜ᰤ㣴. ᪥ᮏṑ⛉་ᖌ఍㞧ㄅ 2013; 65: 72-73. 
25) Tsutsui K, Kaku M, Motokawa M, Tohma Y, Kawata T, Fujita T, 
Kohno S, Ohtani J, Tenjoh K, Nakano M, Kamada H, Tanne K. 
Influences of reduced masticatory sensory input from soft-diet 
feeding upon spatial memory/learning ability in mice. Biomed Res 
2007; 28(1): 1-7. 
26) Bergdahl M, Habib R, Bergdahl J, Nyberg L, Nilsson LG. Natural 
teeth and cognitive function in humans. Scand J Psychol 2007; 
48(6): 557-565. 
27) Onozuka M, Watanabe K, Mirbod SM, Ozono S, Nishiyama K, 
Karawasa N, Nagatsu I. Reduced mastication stimulates 
impairment of spatial memory and degeneration of hippocampal 
neurons in aged SAMP8 mice. Brain Res. 1999; 826: 148-153. 
28) Noble JM, Scarmeas N, Papapanou PN. Poor oral health as a 
chronic, potentially modifiable dementia risk factor: review of the 
24 
 
literature. Curr Neurol Neurosci Rep 2013; 13: 384. 
29) Watanabe K, Tonosaki K, Kawase T, Karasawa N, Nagatsu I, Fujita 
M, Onozuka M. Evidence for involvement of dysfunctional teeth in 
the senile process in the hippocampus of SAMP8 mice. Exp 
Gerontol 2001; 36(2): 283-295. 
30) Su S, Qi T, Su B, Gu H, Wang J, Yang L. Tooth loss inhibits 
neurogenesis in the dentate gyrus of adult mice. Neural Regen Res 
2014; 9(17): 1606-1609.  
31) Kawahata M, Ono Y, Ohno A, Kawamoto S, Kimoto K, Onozuka M. 
Loss of molars early in life develops behavioral lateralization and 
impairs hippocampus-dependent recognition memory. BMC 
Neurosci 2014; 15: 4.  
32) Nose-Ishibashi K, Watahiki J, Yamada K, Maekawa M, Watanabe 
A, Yama1moto G, Enomoto A, Matsuba Y, Nampo T, Taguchi T, 
Ichikawa Y, Saido TC, Mishima K, Yamaguchi Y, Yoshikawa T, 
Maki K. Soft-diet feeding after weaning affects behavior in mice: 
Potential increase in vulnerability to mental disorders. 
Neuroscience 2014; 263: 257-268.  
33) Migaud M, Batailler M, Segura S, Duittoz A, Franceschini I, Pillon 
D. Emerging new sites for adult neurogenesis in the mammalian 
brain: a comparative study between the hypothalamus and the 
classical neurogenic zones. Eur J Neurosci 2010; 32(12): 2042-2052. 
34) Patten AR, Moller DJ, Graham J, Gil-Mohapel J, Christie BR. 
Liquid diets reduce cell proliferation but not neurogenesis in the 
25 
 
adult rat hippocampus. Neuroscience 2013; 254: 173-184. 
35) Kubo KY, Yamada Y, Iinuma M, Iwaku F, Tamura Y, Watanabe K, 
Nakamura H, Onozuka M. Occlusal disharmony induces spatial 
memory impairment and hippocampal neuron degeneration via 
stress in SAMP8 mice. Neurosci Lett 2007; 414(2): 188-191.  
36) Kesslak JP, So V, Choi J, Cotman CW, Gomez-Pinilla F. Learning 
upregulates brain-derived neurotrophic factor messenger 
ribonucleic acid: a mechanism to facilitate encoding and circuit 
maintenance. Behav Neurosci 1998; 112(4): 1012-1019. 
37) Watanabe T, Yamagata N, Takasaki K, Sano K, Hayakawa K, 
Katsurabayashi S, Egashira N, Mishima K, Iwasaki K, Fujiwara 
M. Decreased acetylcholine release is correlated to memory 
impairment in the Tg2576 transgenic mouse model of Alzheimer's 
disease. Brain Res 2009; 1249: 222-228. 
38) Nofuji Y, Suwa M, Moriyama Y, Nakano H, Ichimiya A, Nishichi R, 
Sasaki H, Radak Z, Kumagai S. Decreased serum brain-derived 
neurotrophic factor in trained men. Neurosci Lett 2008; 437(1): 
29-32.  
39) Onozuka M, Watanabe K, Nagasaki S, Jiang Y, Ozono S, Nishiyama 
K, Kawase T, Karasawa N, Nagatsu I. Impairment of spatial 
memory and changes in astroglial responsiveness following loss of 
molar teeth in aged SAMP8 mice. Behav Brain Res 2000; 108(2): 
145-155. 
40) Tanaka M, Asanuma A, Ikuta J, Yamada H, Shimizu S, Koga T, 
26 
 
Kakishita T. Age-related memory impairment and hippocampal 
damage in ddY male mice. Exp Anim 1995; 43(5): 697-702. 
41) Lavigne G, Kim JS, Valiquette C, Lund J. Evidence that 
periodontal presso-receptors provide positive feedback to jaw 
closing muscles during mastication. J Neurophysiol 1978; 58: 
342-358. 
42) Yamamura C, Kosugi S, Ono K, Shimada K. Patterns of jaw 
reflexes induced by incisal and molar pressure stimulation in 
relation to background levels of jaw clenching force in humans. J 
Physiol 1993; 43: 87-102. 
43) Yamamura C, Shimada K. Differential controls of small and large 
motor unit activity in the masseter muscle with incisal stimulation 
in humans. Brain Res 1993; 632: 339-341. 
44) ༓ⴥ ᫭. ṑࡢ႙ኻࡀ㧗ḟ⬻ᶵ⬟࡟ཬࡰࡍᙳ㡪࡟㛵ࡍࡿ⾜ືᏛⓗ, ⤌⧊
Ꮫⓗ◊✲. ⿵⥛ㄅ 1999; 43: 299-311. 
45) Kubota K, Nagae K, Shibanai S, Hosaka K, Iseki H, Odagiri N, Lee 
MS, Chang CM, Ohkubo K, Narita N, Sonoda Y. Degenerative 
changes of primary neurons following tooth extraction. Anat Anz 
Jena 1988; 116: 133-139. 
46) Takemura Y, Imai S, Kojima H, Katagi M, Yamakawa I, Kasahara 
T,Urabe H,Terashima T, Yasuda H,Chan L, Kimura H,Matsusue Y. 
Brain-derived neurotrophic factor from bone marrow-derived cells 
promotes post-injury repair of peripheral nerve. PLoS One 2012; 7: 
e44592. 
27 
 
47) Iinuma M, Ichihashi Y, Hioki Y, Kurata C, Tamura Y, Kubo KY. 
Malocclusion induces chronic stress. Okajimas Folia Anat Jpn 
2008; 85(1): 35-42. 
48) Ekuni D, Tomofuji T, Irie K, Azuma T, Endo Y, Kasuyama K, Morita 
M. Occlusal disharmony increases amyloid-β in the rat 
hippocampus. Neuromolecular Med 2011; 13(3): 197-203. 
49) Gould E, Tanapat P, McEwen BS, Flügge G, Fuchs E. Proliferation 
of granule cell precursors in the dentate gyrus of adult monkeys is 
diminished by stress. Proc Natl Acad Sci USA 1998; 95(6): 
3168-3171. 
50) Tanapat P, Galea LA, Gould E. Stress inhibits the proliferation of 
granule cell precursors in the developing dentate gyrus. Int J Dev 
Neurosci 1998; 16(3-4): 235-239. 
51) Brummelte S, Galea LA. Chronic high corticosterone reduces 
neurogenesis in the dentate gyrus of adult male and female rats. 
Neuroscience 2010; 168(3): 680-690.  
52) Ichihashi Y, Arakawa Y, Iinuma M, Tamura Y, Kubo KY, Iwaku F, 
Sato Y, Onozuka M. Occlusal disharmony attenuates glucocorticoid 
negative feedback in aged SAMP8 mice. Neurosci Lett 2007; 427(2): 
71-76.  
53) Ichihashi Y, Saito N, Arakawa Y, Kurata C, Iinuma M, Tamura Y, 
Iwaku F, Kubo KY. The bite-raised condition in aged SAMP8 mice 
reduces the expression of glucocorticoid receptors in the dorsal and 
ventral hippocampus. Okajimas Folia Anat Jpn 2008; 84(4): 
28 
 
137-142. 
54) Weijenberg RA, Scherder EJ, Lobbezoo F. Mastication for the mind 
- the relationship between mastication and cognition in ageing and 
dementia. Neurosci Biobehav Rev 2011; 35(3): 483-497. 
55) Yoshino F, Yoshida A, Hori N, Ono Y, Kimoto K, Onozuka M, Lee 
MC. Soft-food diet induces oxidative stress in the rat brain. 
Neurosci Lett 2012; 508(1): 42-46.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
29 
 
௜ᅗㄝ᫂ 
 
ᅗ 1 ◊✲ 1ࡢᐇ㦂ࢫࢣࢪ࣮ࣗࣝ 
28㐌㱋ࡢ᫬Ⅼ࡛࣐࢘ࢫࡢୖ㢡୧ഃ⮻ṑ㒊ࢆᢤṑ㸦⥔ᣢ⩌㸸ᢤṑࢆࡋ࡞࠸⩌㸪
႙ኻ⩌㸸ᢤṑࡋࡓ⩌㸧࠾ࡼࡧ㣗ᙧែࡢኚ᭦㸦ᅛᙧ⩌㸸ᅛᙧ㣫ᩱࢆ⥅⥆㸪⢊ᮎ⩌㸸
⢊ᮎ㣫ᩱ࡟ኚ᭦㸧ࢆ⾜࠸㸪ࡍ࡭࡚ࡢ࣐࢘ࢫࡣ⥔ᣢ/ᅛᙧ⩌㸪⥔ᣢ/⢊ᮎ⩌㸪႙ኻ/
ᅛᙧ⩌㸪႙ኻ/⢊ᮎ⩌ࡢ 4⩌࡟ㄪ〇ࡋࡓ㸬ᐇ㦂ᮇ㛫ࢆ 28㐌㱋࠿ࡽ 32㐌㱋ࡲ࡛ࡢ
4㐌㛫㣫⫱ࡋ㸪32㐌㱋࡛Ꮫ⩦࣭グ᠈⬟ࢆホ౯ࡋ㸪ࡑࡢᚋ㸪ᐇ㦂ື≀ࢆᒕẅࡋࡓ㸬 
 
ᅗ 2 ࢫࢸࢵࣉࢫ࣮ࣝᆺཷືⓗᅇ㑊ヨ㦂 
⾜ືᐇ㦂࡟ࡣࢫࢸࢵࣉࢫ࣮ࣝᆺཷືⓗᅇ㑊ヨ㦂⿦⨨ࢆ⏝࠸ࡓ㸬᫂ᐊ㸪ᬯᐊ㸪
ࢩࣙࢵࢡࢪ࢙ࢿ࣮ࣞࢱ࣮࠿ࡽᵓᡂࡉࢀ࡚࠾ࡾ㸪᫂ᐊ࡜ᬯᐊࡣ࣐࢘ࢫࡀ⛣ື࡛ࡁ
ࡿࡼ࠺࡟ࢠࣟࢳࣥࢻ࢔࡟ࡼࡾ㐃⤖ࡉࢀ࡚࠸ࡿ㸬 
 
ᅗ 3 ᾏ㤿 CA1࠾ࡼࡧ CA3㡿ᇦ࡟࠾ࡅࡿ㗹య⣽⬊ᩘࡢ ᐃ᪉ἲ 
ᾏ㤿CA1࠾ࡼࡧCA3㡿ᇦࢆほᐹ㡿ᇦ࡜ࡋ࡚タᐃࡋࡓ㸬ᾏ㤿CA1㡿ᇦ࡛ࡣ 100 
μm×300 μm㸪CA3㡿ᇦ࡛ࡣ 200 μm×200 μmࡢほᐹ㡿ᇦࢆタᐃ㸪ྛ㡿ᇦෆࡢ㗹
య⣽⬊ᩘࢆ ᐃࡋࡓ㸬 
 
ᅗ 4 ◊✲ 2ࡢᐇ㦂ࢫࢣࢪ࣮ࣗࣝ 
28㐌㱋ࡢ᫬Ⅼ࡛࣐࢘ࢫࡢୖ㢡୧ഃ⮻ṑ㒊ࢆᢤṑ㸦⥔ᣢ⩌㸸ᢤṑࢆࡋ࡞࠸⩌㸪
႙ኻ⩌㸸ᢤṑࡋࡓ⩌㸧࠾ࡼࡧ㣗ᙧែࡢኚ᭦㸦ᅛᙧ⩌㸸ᅛᙧ㣫ᩱࢆ⥅⥆㸪⢊ᮎ⩌㸸
⢊ᮎ㣫ᩱ࡟ኚ᭦㸧ࢆ⾜࠸㸪ࡍ࡭࡚ࡢ࣐࢘ࢫࡣ⥔ᣢ/ᅛᙧ⩌㸪⥔ᣢ/⢊ᮎ⩌㸪႙ኻ/
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ᅛᙧ⩌㸪႙ኻ/⢊ᮎ⩌ࡢ 4⩌࡟ㄪ〇ࡋࡓ㸬ᐇ㦂ᮇ㛫ࢆ 28㐌㱋࠿ࡽ 44㐌㱋ࡲ࡛ࡢ
16㐌㛫㣫⫱ࡋ㸪44㐌㱋࡛Ꮫ⩦࣭ グ᠈⬟ࢆホ౯ࡋ㸪ࡑࡢᚋ㸪ᐇ㦂ື≀ࢆᒕẅࡋࡓ㸬 
 
ᅗ 5 ◊✲ 1 ྛ⩌ࡢయ㔜࠾ࡼࡧ㣫ᩱᦤྲྀ㔞ࡢ⤖ᯝ 
య㔜࠾ࡼࡧ㣫ᩱᦤྲྀ㔞ࡣ࡯ࡰ୍ᐃ࡟᥎⛣ࡋ㸪ࡍ࡭࡚ࡢ⩌㛫࡟᭷ពᕪࢆㄆࡵ࡞
࠿ࡗࡓ㸬 
 
ᅗ 6 ◊✲ 1 ྛ⩌ࡢࢫࢸࢵࣉࢫ࣮ࣝᆺཷືⓗᅇ㑊ヨ㦂ࡢ⤖ᯝ 
ྛ⩌࡜ࡶ࡟⋓ᚓヨ⾜࡜ẚ㍑ࡋ࡚ಖᣢヨ⾜࡛ࡢ཯ᛂ₯᫬᫬㛫ࡀᘏ㛗ࡋ࡚࠾ࡾ㸪
᭷ពᕪࢆㄆࡵࡓ㸬 P < 0.05 
 
ᅗ 7 ◊✲ 1 ྛ⩌ࡢ཯ᛂ₯᫬᫬㛫ࡢẚ㍑ 
⋓ᚓヨ⾜᫬ࡢ཯ᛂ₯᫬᫬㛫࡟ࡘ࠸࡚㸪ྛ⩌㛫࡟᭷ពᕪࡣㄆࡵ࡞࠿ࡗࡓ㸬୍᪉㸪
ಖᣢヨ⾜᫬ࡢ཯ᛂ₯᫬᫬㛫࡟ࡘ࠸࡚㸪ྠ㣫ᩱ⩌࡛ࡣ⥔ᣢ⩌ࡼࡾࡶ႙ኻ⩌࡛᭷ព
࡞పୗࢆㄆࡵࡓ㸬 
 P < 0.05 vs ྠ㣫ᩱ⩌ෆࡢ႙ኻ⩌ 
 
ᅗ 8 ◊✲ 1 ྛ⩌ࡢ㗹య⣽⬊ᩘࡢ⤖ᯝ㸦CA1㸧 
ୖẁ㸸⥔ᣢ⩌࡜ẚ㍑ࡋ࡚㸪႙ኻ⩌࡛ࡢ㗹య⣽⬊ᩘࡀῶᑡࢆㄆࡵ㸪㣗ᙧែኚ᭦࡟
ࡼࡿᙳ㡪ࡣㄆࡵ࡞࠿ࡗࡓ㸬 
 P < 0.01 vs ྠ㣫ᩱ⩌ෆࡢ႙ኻ⩌ 
ୗẁ㸸ྛ⩌ࡢ⤌⧊ീ 
 
ᅗ 9 ◊✲ 1 ྛ⩌ࡢ㗹య⣽⬊ᩘࡢ⤖ᯝ㸦CA3㸧 
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ୖẁ㸸⥔ᣢ⩌࡜ẚ㍑ࡋ࡚㸪႙ኻ⩌࡛ࡢ㗹య⣽⬊ᩘࡀῶᑡࢆㄆࡵ㸪㣗ᙧែኚ᭦࡟
ࡼࡿᙳ㡪ࡣㄆࡵ࡞࠿ࡗࡓ 
P < 0.01㸪 P < 0.05 vsྠ㣫ᩱ⩌ෆࡢ႙ኻ⩌ 
ୗẁ㸸ྛ⩌ࡢ⤌⧊ീ 
 
ᅗ 10 ◊✲ 1 ྛ⩌ࡢ BDNFᰁⰍീ㸦CA1㸧 
ྠ⛬ᗘࡢᰁⰍീࡀほᐹࡉࢀࡓ㸬 
 
ᅗ 11 ◊✲ 1 ྛ⩌ࡢ BDNFᰁⰍീ㸦CA3㸧 
⥔ᣢ⩌࡜ẚ㍑ࡍࡿ࡜႙ኻ⩌ࡣ BDNFⓎ⌧ࡢῶᑡࡀほᐹࡉࢀࡓ㸬 
 
ᅗ 12 ◊✲ 1 ྛ⩌ࡢ TrkBᰁⰍീ㸦CA1㸧 
ྠ⛬ᗘࡢᰁⰍീࡀほᐹࡉࢀࡓ㸬 
 
ᅗ 13 ◊✲ 1 ྛ⩌ࡢ TrkBᰁⰍീ㸦CA3㸧 
႙ኻ⩌࡛ TrkBⓎ⌧ࡢῶᑡഴྥࢆㄆࡵ㸪≉࡟⥔ᣢ/⢊ᮎ⩌࡜ẚ㍑ࡍࡿ࡜႙ኻ/⢊
ᮎ⩌࡛ࡣ㸪TrkBⓎ⌧ࡢῶᑡࡀほᐹࡉࢀࡓ㸬 
 
ᅗ 14 ◊✲ 1 ྛ⩌ࡢどᗋୗ㒊࡟࠾ࡅࡿ BDNF㸪TrkB㑇ఏᏊⓎ⌧㔞ࡢ⤖ᯝ 
㑇ఏᏊⓎ⌧㔞ࡣྛࢧࣥࣉ࡛ࣝෆ㒊ᶆ‽㑇ఏᏊ GAPDH ࡟ᑐࡍࡿẚ࡛⟬ฟࡋࡓ㸬 
 
ᅗ 15 ◊✲ 1 ྛ⩌ࡢᾏ㤿࡟࠾ࡅࡿ BDNF㸪TrkB㑇ఏᏊⓎ⌧㔞ࡢ⤖ᯝ 
㑇ఏᏊⓎ⌧㔞ࡣྛࢧࣥࣉ࡛ࣝෆ㒊ᶆ‽㑇ఏᏊ GAPDH ࡟ᑐࡍࡿẚ࡛⟬ฟࡋࡓ㸬 
 P < 0.05 vs ྠ㣫ᩱ⩌ෆࡢ႙ኻ⩌, † P < 0.05 vs ႙ኻ⩌ෆࡢ⢊ᮎ⩌ 
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ᅗ 16 ◊✲ 2 ྛ⩌ࡢయ㔜࠾ࡼࡧ㣫ᩱᦤྲྀ㔞ࡢ⤖ᯝ 
య㔜࠾ࡼࡧ㣫ᩱᦤྲྀ㔞ࡣ࡯ࡰ୍ᐃ࡟᥎⛣ࡋ㸪ࡍ࡭࡚ࡢ⩌㛫࡟᭷ព࡞ᕪࢆㄆࡵ
࡞࠿ࡗࡓ㸬 
 
ᅗ 17 ◊✲ 2 ྛ⩌ࡢࢫࢸࢵࣉࢫ࣮ࣝᆺཷືⓗᅇ㑊ヨ㦂ࡢ⤖ᯝ  
⥔ᣢ/ᅛᙧ⩌࡜⥔ᣢ/⢊ᮎ⩌࡛ࡣ㸪⋓ᚓヨ⾜࡜ẚ㍑ࡋ࡚ಖᣢヨ⾜࡛ࡢ཯ᛂ₯᫬᫬
㛫ࡀᘏ㛗ࡋ࡚࠾ࡾ㸪᭷ពᕪࢆㄆࡵࡓ㸬୍᪉࡛㸪႙ኻ/ᅛᙧ⩌࡜႙ኻ/⢊ᮎ⩌࡛ࡣ㸪
⋓ᚓヨ⾜࡜ẚ㍑ࡋ࡚ಖᣢヨ⾜࡛ࡢ཯ᛂ₯᫬᫬㛫ࡀᘏ㛗ࡋ࡚࠾ࡾ㸪᭷ពᕪࢆㄆࡵ
ࡓ㸬 P < 0.05 
 
ᅗ 18 ◊✲ 2 ྛ⩌ࡢ཯ᛂ₯᫬᫬㛫ࡢẚ㍑ 
ྛ⩌ࡢ⋓ᚓヨ⾜᫬ࡢ཯ᛂ₯᫬᫬㛫ࢆẚ㍑ࡍࡿ࡜㸪ྛ⩌࡟᭷ពᕪࡣㄆࡵ࡞࠿ࡗ
ࡓ㸬ࡲࡓ㸪ྛ⩌ࡢಖᣢヨ⾜᫬ࡢ཯ᛂ₯᫬᫬㛫ࢆẚ㍑ࡍࡿ࡜㸪ྠ㣫ᩱ⩌࡛⥔ᣢ⩌
ࡼࡾࡶ㸪႙ኻ⩌࡛᭷ព࡞పୗࢆㄆࡵ㸪⥔ᣢ⩌࡛ࡣ⢊ᮎ㣫ᩱ࡟ኚ᭦ࡍࡿࡇ࡜࡛᭷
ព࡞పୗࢆㄆࡵࡓ㸬ࡉࡽ࡟㸪࢝ࢵࢺ࢜ࣇ್࡛࠶ࡿ 300 s࡟฿㐩ࡋࡓ࣐࢘ࢫࡣほᐹ
ࡉࢀ࡞࠿ࡗࡓ㸬 
P < 0.01㸪 P < 0.05 vs ྠ㣫ᩱ⩌ෆࡢ႙ኻ⩌, # P < 0.05 vs ႙ኻ⩌ෆࡢ⢊ᮎ
⩌ 
 
ᅗ 19 ◊✲ 2 ྛ⩌ࡢ㗹య⣽⬊ᩘࡢ⤖ᯝ㸦CA1㸧 
ୖẁ㸸ṑࡢ႙ኻ࡟ࡼࡗ࡚㗹య⣽⬊ᩘࡢῶᑡࢆㄆࡵ㸪⥔ᣢ⩌࡛ࡣ⢊ᮎ㣫ᩱ࡬ࡢኚ
᭦࡟ࡼࡗ࡚㗹య⣽⬊ࡣ᭷ព࡟ῶᑡࡋࡓ㸬 
P < 0.01㸪 P < 0.05 vs ྠ㣫ᩱෆࡢ႙ኻ⩌, ## P < 0.01 vs ⥔ᣢ⩌ෆࡢ႙ኻ
⩌ 
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ୗẁ㸸ྛ⩌ࡢ⤌⧊ീ 
 
ᅗ 20 ◊✲ 2 ྛ⩌ࡢ㗹య⣽⬊ᩘࡢ⤖ᯝ㸦CA3㸧 
ୖẁ㸸⥔ᣢ⩌࡜ẚ㍑ࡍࡿ࡜႙ኻ⩌࡛ࡢ㗹య⣽⬊ᩘࡀῶᑡࢆ♧ࡋࡓ㸬ࡉࡽ࡟⤌⧊
ീ࡛ࡣ㸪㗹య⣽⬊ࡀⴎ⦰ࡋ࡚࠸ࡿീࡀほᐹࡉࢀࡓ㸬 
P < 0.01 vs ྠ㣫ᩱෆࡢ႙ኻ⩌ 
ୗẁ㸸ྛ⩌ࡢ⤌⧊ീ 
 
ᅗ 21 ◊✲ 2 ྛ⩌ࡢ BDNFᰁⰍീ㸦CA1㸧 
ྛ⩌࡜ࡶ࡟ྠ⛬ᗘࡢᰁⰍീࡀほᐹࡉࢀࡓ㸬 
 
ᅗ 22 ◊✲ 2 ྛ⩌ࡢ BDNFᰁⰍീ㸦CA3㸧 
႙ኻ⩌ࡢ BDNFⓎ⌧ࡀ⥔ᣢ⩌࡜ẚ㍑ࡋ࡚ቑຍࡋ࡚࠸ࡿࡇ࡜ࡀほᐹࡉࢀࡓ㸬 
 
ᅗ 23 ◊✲ 2 ྛ⩌ࡢ TrkBᰁⰍീ㸦CA1㸧 
⥔ᣢ⩌࡜ẚ㍑ࡍࡿ࡜႙ኻ⩌࡛ TrkBⓎ⌧ࡢῶᑡࡀほᐹࡉࢀࡓ㸬 
 
ᅗ 24 ◊✲ 2 ྛ⩌ࡢ TrkBᰁⰍീ㸦CA3㸧 
⥔ᣢ⩌࡜ẚ㍑ࡍࡿ࡜႙ኻ⩌࡛ TrkBⓎ⌧ࡢῶᑡࡀほᐹࡉࢀࡓ㸬 
 
ᅗ 25 ◊✲ 2 ྛ⩌ࡢどᗋୗ㒊࡟࠾ࡅࡿ BDNF㸪TrkB㑇ఏᏊⓎ⌧㔞ࡢ⤖ᯝ 
㑇ఏᏊⓎ⌧㔞ࡣྛࢧࣥࣉ࡛ࣝෆ㒊ᶆ‽㑇ఏᏊ GAPDH ࡟ᑐࡍࡿẚ࡛⟬ฟࡋࡓ㸬 
P < 0.01㸪 P < 0.05 vs ྠ㣫ᩱෆࡢ႙ኻ⩌ 
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ᅗ 26 ◊✲ 2 ྛ⩌ࡢᾏ㤿࡟࠾ࡅࡿ BDNF㸪TrkB㑇ఏᏊⓎ⌧㔞ࡢ⤖ᯝ 
㑇ఏᏊⓎ⌧㔞ࡣྛࢧࣥࣉ࡛ࣝෆ㒊ᶆ‽㑇ఏᏊ GAPDH ࡟ᑐࡍࡿẚ࡛⟬ฟࡋࡓ㸬 
P < 0.01㸪 P < 0.05 vs ྠ㣫ᩱ⩌ෆࡢ႙ኻ⩌, # P < 0.05 vs ⥔ᣢ⩌ෆࡢ⢊ᮎ
⩌, † P < 0.05 vs ႙ኻ⩌ෆࡢ⢊ᮎ⩌ 
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